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Disclaimer	
 
The information published in this guide is provided by the Growing Green Guide 
partners to disseminate information in regards to the design, construction and 
maintenance of green roofs, walls and facades.  It is not, and does not purport to be, 
a complete guide and is not a substitute for professional advice.
The design, construction and installation of green roofs, walls and facades is subject 
to the relevant authorities granting the required permits, approvals and consents; 
WTIGM½GMRJSVQEXMSRWLSYPHXLIVIJSVIFISFXEMRIHJVSQWYGLEYXLSVMXMIWTVMSVXSXLI
commencement of any such projects.
The Growing Green Guide project partners (City of Melbourne, City of Stonnington, 
City of Yarra, City of Port Phillip, the State of Victoria and The University of 
Melbourne) and their employees do not guarantee that the publication is without 
¾E[SJER]OMRHSVMW[LSPP]ETTVSTVMEXIJSV]SYVTEVXMGYPEVTYVTSWIWERHXLIVIJSVI
disclaims all liability for any error, loss or other consequence which may arise from 
you relying on any information in this publication.
Reference to any organisation in this guide is not to be construed as an endorsement 
or recommendation of any information, goods or services supplied by that 
organisation.
The Growing Green Guide partners accept no responsibility to you or anyone else 
arising from any act or omission of any third party referred to in this booklet or any 
loss, including damage or injury, when using and/or obtaining information, goods or 
services.
The information contained in this guide is based on information available at the time 
of writing. It is liable to change and we do not and cannot guarantee its currency.





what the green roof and wall industry needs in able to plan, design and maintain quality green roof and wall systems throughout Australia.
Green	
 Roofs	
 Australasia was founded in 2007 as the industry body to promote and support the case for green roofs and walls. It is with 
the development of Australian guidelines such as the Growing	
 Green	
 Guide	
 that we will see the industry grow and strengthen.
Cities around the world have found green roof support and development has strengthened following the publication of how-to guides 
like this.
Given the predicted impact that climate change and population growth will have on our urban environment, can we afford not to invest 
MRXLIWIX]TIWSJWYWXEMREFPIWSPYXMSRW#+VIIRVSSJWERH[EPPWTVSZMHIE[MHIVERKISJIRZMVSRQIRXEPIGSRSQMGERHWSGMEPFIRI½XWFSXL
TYFPMGERHTVMZEXI8LI]GERVIHYGIYVFERLIEXPSEHMRKWERHWXSVQ[EXIVVYRSJJMRGVIEWIXLIIRIVK]IJ½GMIRG]ERHPMZIEFMPMX]SJFYMPHMRKW
provide a range of habitat outcomes and even produce food. These guidelines will help to develop an understanding of the technology 
ERHFYMPHORS[PIHKIEFSYXXLIFIRI½XWERHQIXLSHWSJKVIIRVSSJ[EPPJEGEHIHIWMKRGSRWXVYGXMSRERHQEMRXIRERGIJSVEPPWIGXSVWSJ
the industry.
The guidelines have been written for Melbourne and Victoria but much of this information has national and international relevance.  
The Growing	
 Green	
 Guide team has issued an open invitation to others to use the guidelines’ contents to develop additional resources, 
or even produce a second version through their Creative Commons licensing.
This guide is only one of three main outputs developed by the Growing	
 Green	
 Guide	
 project team – a policy options paper and 




developing policies to encourage green roofs and walls and an opportunities assessment for demonstration green roof and wall sites in 
each partner council’s municipality.
With these guidelines, I look forward to seeing the number of green roofs, walls and facades increase across Victoria and Australia, and 
I encourage you to read the sections that are relevant to you. While the publication of the guidelines marks the completion of the 
Growing	
 Green	
 Guide team’s planned work, this is not the end of the Growing	
 Green	
 Guide project; it is the start of mainstreaming green 
roofs and walls into our built environment.




 (IMAP) councils of Melbourne, Port Phillip, Stonnington and Yarra, along with the State 
Government of Victoria and The University of Melbourne, on the delivery of this project and hope to see the guidelines further 


































































Figure 1. Pressure builds over our cities       03
Figure 2.  Vegetation can be added to a building      04
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Table 4. Weight loadings for some representative climbing species   34













Figure 13. Different types of roof drains      36













































































Green roofs for biodiversity        43
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Root barrier          71

































































































































































*MKYVI8]TIWSJKVIIR[EPPGSR½KYVEXMSRW      










































































































































































8EFPI4VSTIVXMIWXLEXWLSYPHFIWTIGM½IHMRKVS[MRKWYFWXVEXIW   
*MKYVI%GSQTEVMWSRSJKVS[MRKWYFWXVEXIW      
8EFPI4VSTIVXMIWSJKVIIRVSSJKVS[MRKWYFWXVEXIW     
8EFPI'SQTEVMWSRSJQEXIVMEPWYWIHMRKVIIRVSSJKVS[MRKWYFWXVEXIW
XLIMV 



















































































































 Guide (‘the guide’) has been developed with advice from industry experts and knowledge from academic research, 
to explain how to create high quality green roofs, walls and facades.
The development of the guide was supported by four inner Melbourne local governments through the Inner	
 Melbourne	
 Action	
 Plan (the 
cities of Melbourne, Port Phillip, Yarra and Stonnington) and by the State Government of Victoria, through the Victorian Adaptation and 
Sustainability Partnership. The University of Melbourne is a project partner.
This guide is written for professionals who may be involved in the design, construction and maintenance of green roofs, walls and/or 
facades. It is also relevant to developers, homeowners, and local and state governments.
The guide is targeted at projects based in Melbourne and Victoria, Australia, but is also largely relevant for a wider geographic area.
The Growing	
 Green	










Explains what green roofs, walls and facades are, why they are important and the potential 
FIRI½XWSJXLIWIW]WXIQWJSV1IPFSYVRIERH:MGXSVME-XEPWSTVSZMHIWERW[IVWXSWSQI
frequently asked questions.
Was written in collaboration with industry experts to provide technical advice on the design, 
construction and maintenance of green roofs, walls and facades.
Highlights several existing green roofs, walls and facades in Melbourne and Victoria, as case 
studies. Each example provides a description of the project, its design and components used, 
QEMRXIRERGIGSWXERHVIWYPXWERHVI¾IGXMSRW
Introduces some of the research that has been undertaken on green roofs, walls and facades to 
TVSZMHIEQSVIWTIGM½GYRHIVWXERHMRKSJXLIMVTSXIRXMEPFIRI½XW
ii
The primary authors of this guide are Julie	
 Francis (City 
of Melbourne), Gail	
 Hall (City of Melbourne), Sue	
 Murphy 
(University of Melbourne) and John	
 Rayner (University of 
1IPFSYVRI
7MKRM½GERXGSRXVMFYXMSRW[IVIEPWSTVSZMHIHJVSQ
the Guidelines Reference Group (see below) and support 
was provided from the wider project team: Meg	
 Jones (City of 
Stonnington), Elissa	
 McElroy (Inner Melbourne Action Plan), Kevin	
 
Ayrey (City of Yarra), Lalitha	
 Ramachandran and Nick	
 Alsop (City 
of Port Phillip) and staff from the Department of Environment 
and Primary Industries.
This guide was put together with the assistance of a reference 
group of experts on green roofs, walls and facades, including:
Nic	
 Culnane, The Committee for Melbourne 
Phil	





 KHD Landscape Engineering Solutions
Sam	
 Innes, City of Port Phillip
Rafael	
 Katigbak, Ronstan Tensile Architecture
Euan	
 Laird, Nursery and Garden Industry of Victoria
Matthew	
 Mackay,	
 Hassell Pty Ltd
Carlo	
 Missio,	








 Porjazoski, Bent Architecture
Warwick	
 Savvas,	
 ASPECT Studios 
Nick	
 Somes,	
 Ecodynamics Pty Ltd
Erik	
 van	







 Hopkins, Fifth 
Creek Studio and Ed	
 Snodgrass, Emory Knoll Farms (USA).
The project team is also grateful to the many other industry 
experts, council staff and academics who provided advice on 
drafts of this guide. 

















 Rahmat and 
Rhiannon	
 Tomlin.
Assistance with compilation of the case studies was provided 
by Guidelines Reference Group members along with David	
 
McGlashan (Facilities Management Victoria), David	
 Kutcher (The 
Venny), Fiona	
 Currie and Adel	
 Calache (City of Boroondara), 
Geoff	
 Heard (Fytogreen), Peter	
 Elliot (Peter Elliot Architecture), 
Peter	
 Heaney (RMIT), Stuart	
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An  introduction  to  green  roofs,  walls  and  facades3 Introduction
Like many other cities, Melbourne faces continued pressure 
from increasing urbanisation. Rapid population growth and urban 
development have transformed natural environments into areas 
of highly engineered infrastructure. Heat generation from cars, 
industry and commerce, coupled with the retention of the solar 
energy by buildings and paved surfaces, creates unnaturally warm 
city environments (known as urban heat islands). This can have 
negative effects on human health and wellbeing. The transition from 
the natural landscape to the built environment has also created 
large areas of impervious paved surfaces, creating problems such 
as loss of vegetation and habitat, increased surface run-off and 
¾EWL¾SSHMRK)EGLSJXLIWIMWWYIWMWFIMRKI\EGIVFEXIHF]ER
increasingly variable climate.  
Collectively these issues present enormous environmental, 
economic and social challenges and require new ways of thinking 
to make our cities more liveable now, and into the future. 
Many cities around the world recognise the importance of having 
green infrastructure; that is, natural landscape assets, including green 
spaces and water systems. Green infrastructure includes trees, parks, 
water sensitive urban design (such as wetlands and rain gardens) 
and green roofs, walls and facades. 
Green roofs, walls and facades are appealing as a way of adding 
green infrastructure to a city because they can be included on new 
FYMPHMRKWSVVIXVS½XXIHSRXSI\MWXMRKFYMPHMRKWERHVIUYMVIPMXXPIMJ
any, space at ground level. They are being used to compensate for 
the loss of urban greenery, and to provide localised cooling and 
aesthetic improvements in dense urban centres where there is 
MRWYJ½GMIRXWTEGIJSVSXLIVX]TIWSJKVIIRMRJVEWXVYGXYVI
It is estimated that there are more than 50 green walls, more than 
100 green roofs and hundreds of green facades across Melbourne. 
Yet there is limited Australian information about how to create and 
manage these types of green infrastructure. This guide provides 
technical advice on how to design, build and manage green roofs, 
[EPPWERHJEGEHIWWSXLI]GERTVSZMHIQYPXMTPIFIRI½XWSZIVEPSRK










































































An  introduction  to  green  roofs,  walls  and  facades4 Introduction
+VIIRVSSJ
A vegetated landscape built up from a series of layers that are 
installed on a roof surface as ‘loose laid’ or modular (that is, installed 
layer by layer on the roof or as pre-prepared layers in trays).
Green roofs are constructed for multiple reasons - as spaces for 
people to use, as architectural features, to add value to property 
SVXSEGLMIZITEVXMGYPEVIRZMVSRQIRXEPFIRI½XWJSVI\EQTPI
stormwater capture and retention, improved species diversity, 
insulation of a building against heat gain or loss).
Vegetation on green roofs is planted in a growing substrate  
(a specially designed soil substitution medium) that may range 
in depth from 50 mm to more than a metre, depending on the 
weight capacity of the building’s roof and the aims of the design.  





 are lightweight with a shallow layer of 
growing substrate of less than 200 mm deep, requiring minimal 
maintenance. They generally have lower water requirements and 
use small, low-growing plant species, particularly succulents (see 




 are terms 
used to describe these extensive green roofs. Roofs that are 
HIWMKRIHERHTPERXIHWTIGM½GEPP]XSMRGVIEWIPSGEPTPERXHMZIVWMX]




 (see image 3 opposite).  
Intensive	
 green	
 roofs are generally heavier, with a deeper layer 
of growing substrate, and support a wider variety of plant types 
(see image 2 opposite). Because they can support a heavier 
weight, they are readily accessed by people. Intensive green roofs 
need more irrigation and maintenance than extensive roofs, and 
are highly engineered landscapes, often built directly on structures 




 roofs’ are terms also used to describe these 
types of green roofs. ‘Roof garden’ is used particularly for sites 
where less space is dedicated to the vegetation and growing 
substrate and more to hard infrastructure such as decking (see 
image 4 opposite).
Until quite recently, extensive green roofs were usually designed 
as lightweight installations that were not publicly accessible, 
while intensive green roofs were designed as amenity spaces for 
people. The boundaries between these types of roofs are now 
less distinct, and terms such as ‘semi-intensive’ or ‘semi-extensive’ 






 Association and other international 
KVIIRVSSJMRHYWXV]SVKERMWEXMSRWYWIXLIWIHMWXMRGXVSSJGPEWWM½GEXMSRW
However, in this guide, green roofs are described in terms of their 
particular characteristics, such as depth of growing substrate.  The 
authors of the guide consider that as each green roof is unique 
ERHQE]MRGSVTSVEXIEQM\SJHIWMKRIPIQIRXWWXVMGXGPEWWM½GEXMSR
of types is no longer as helpful or relevant as it once was. Around 
the world, designers and their clients, and those who install and 
maintain green roofs, are exploring a range of creative solutions.
Definitions
*MKYVI:IKIXEXMSRGERFIEHHIHXSEFYMPHMRKEWKVIIRVSSJKVIIR[EPPSVKVIIRJEGEHI























An  introduction  to  green  roofs,  walls  and  facades6 Introduction
Green	
 wall
A green wall is comprised of plants grown in supported vertical 
systems that are generally attached to an internal or external wall, 
although in some cases can be freestanding. Like many green roofs, 
green walls incorporate vegetation, growing medium, irrigation 
and drainage into a single system. Green walls differ from green 
facades in that they incorporate multiple ‘containerised’ plantings 
to create the vegetation cover rather than being reliant on fewer 
numbers of plants that climb and spread to provide cover.  They 
are also known as ‘living	
 walls’,	
 ‘bio-walls’ or ‘vertical	
 gardens’.	
  
Green walls provide an attractive design feature, but also add to 
building insulation by direct shading of the wall surface. They create 
cooler microclimates and improve local air quality, and provide the 
possibility of growing plants in locations that would not normally 
support vegetation. A wide range of plants is used on green walls, 
usually herbaceous, though some small shrubs can also be suitable. 
The provision of adequate light is an important consideration, 
TEVXMGYPEVP][LIRTPERRMRKERMRXIVMSVKVIIR[EPP[LIVIEVXM½GMEP
lighting may be necessary (see image 1 below).
Many different proprietary green wall systems are available. 
Some are hydroponic and others use a growing substrate. Green 
wall structures vary from modular systems to sheet or board-
based structures with felt pockets to contain and support plant 
life. All green walls require irrigation, often inclusive of fertiliser 
(fertigation). Fertigation solution can be re-used, but requires 
careful monitoring and management to ensure nutrients do not 
build up over multiple recirculations to damaging levels. 
%[IPPHIWMKRIHKVIIR[EPPW]WXIQ[MPPJYP½PFSXLHIWMKRERH
functional aims by providing growing conditions suitable for the 
selected species, have a long lifespan, require minimal component 




















An  introduction  to  green  roofs,  walls  and  facades7 Introduction
+VIIRJEGEHI
A green facade is created by growing climbing plants up and across 
the facade of a building, either from plants grown in garden beds 
at its base, or by container planting installed at different levels 
across the building (see image 4 below). 
Climbing plants can attach directly to the surface of a building (see 
images 3 and 5 below), or they can be supported on a structure 
independent of the building (see images 1, 2, 4 and 6). The use 
of climbers that anchor themselves to a structure by twining 
stems or twining tendrils enables a green facade to be installed in 
front of solid walls or some other structure, to create a partition, 
privacy screen or sunshade. The degree of density of the facade 
coverage can be managed to suit the required function. For 
example, a facade designed to shade a building wall would ideally 
have greater foliage density than a screen installed near a window 
that is designed to allow at least partial views to the environment 
beyond the facade.  
Green facades are often installed because they provide an 
attractive look to a building wall, or they may be used to block 
out a view, or to provide shade for a building. Green facades can 
create a cooler microclimate immediately adjacent to a building, 
primarily through direct shading of the building facade, but also 
from cooling from plant foliage (transpiration of water through the 
leaves), and evaporative loss of water from the growing medium. 
All climbing plants will provide some retention of stormwater, 
shading of the building, protection of its surface, and capture  
of airborne particulate matter and volatile gaseous pollutants. 
8LIWIFIRI½XW[MPPFIKVIEXIVJSVIZIVKVIIRWTIGMIWXLEXVIXEMR
foliage cover year-round.  
For multi-level facades (see image 4 below), particularly at height, 
[MRHGERGVIEXIWMKRM½GERXTVSFPIQWJSVTPERXEXXEGLQIRX-RXLIWI 
settings, twining climbers are preferred over plants that adhere 
directly to the building facade as the twining stems attach strongly 
around vertical and horizontal supports. Foliage may still be stripped 
under extreme wind conditions, so foliage type and size should be  
matched to the level of exposure and likely wind strengths at the 
site. In general, the higher the planting on a building, the more 
extreme the growing conditions are likely to be. Other factors of 
importance in multi-level facade design include planter box design 
(volume, substrate, drainage), maintenance access and irrigation 
system design.
The distinction between green walls and green facades is not 




 system has been created in Adelaide that uses both green 
[EPPERHKVIIRJEGEHIXIGLRSPSKMIW8LMWFPYVVMRKSJHI½RMXMSRWMW
EOMRXSXLIEPVIEH]EGORS[PIHKIHHMJ½GYPXMIWMRGPEWWMJ]MRKKVIIR

















































Building owners and developers are increasingly installing green roofs, walls or facades to add a 
point of difference, increase commercial returns, provide visual appeal and turn a building into a 
local landmark. Most building owners in Melbourne ignore the potential of large, leasable spaces 
on rooftops that can be transformed into versatile recreation, amenity or productive facilities, or 
commercial spaces for bars, restaurants or cafés. 
While the construction of a green roof, wall or facade can be independent from the rest of 
a building project, involving specialists early in the construction timeline will help to minimise 
risks associated with design development.  Importantly, early design discussions will help ensure 
that the roof, wall or facade can be planned and incorporated in other building aspects such as 
drainage, irrigation, lighting and weight loading.
Green roofs can lengthen the lifespan of a traditional roof surface. They protect a roof ’s 





Green roofs absorb and retain rainwater and can be used to manage stormwater run-off in 
YVFERIRZMVSRQIRXW8LI]GEREPWS½PXIVTEVXMGYPEXIWERHTSPPYXERXW7XSVQ[EXIVVYRSJJGERFI
reduced or slowed because it is stored in the substrate, used by or stored in the foliage, stems 
and roots of plants, and also evaporates directly from the substrate. Additional water storage 
capacity in green roof systems can be provided through incorporation of a water retentive layer 
or drainage layer at the base of the green roof. 
7IZIVEPJEGXSVWMR¾YIRGIXLII\XIRXXS[LMGLEKVIIRVSSJGERVIHYGIXLIZSPYQISJ[EXIVVYR
off into the stormwater system, including depth and properties of the growing substrate, type 
of drainage layer used and roof slope. Plants and drainage systems are important considerations 
in the design of a green roof for stormwater management. Details on research supporting 
stormwater management are provided in Section 2.
8LIVIMWEVERKISJFIRI½XWSYXPMRIHFIPS[XLEXGERTSXIRXMEPP]
be provided by green roofs, walls and facades. Some provide 
FIRI½XWXSXLITYFPMGEXPEVKIERHWSQISRP]FIRI½XXLIFYMPHMRK
owner or occupants. It is important to recognise that the following 
FIRI½XWEVISRP]VIEPMWIHMJXLIVSSJ[EPPSVJEGEHIMWTPERRIHERH
constructed well and has the supporting management required 
to sustain it. Section 3 of this guide discusses the importance of 
design in realising the intended outcomes from any project.  
Section 2TVSZMHIWXLIVIWIEVGLIZMHIRGIJSVXLIWIFIRI½XW
Benefits  of  green  roofs,  walls  &  facades
An  introduction  to  green  roofs,  walls  and  facades9 Introduction
-QTVSZIHXLIVQEPTIVJSVQERGI
%WMKRM½GERXFIRI½XSJKVIIRVSSJW[EPPWERHJEGEHIWMWXLITSXIRXMEPJSVVIHYGMRKFYMPHMRK
heating and cooling requirements. Green walls and facades can reduce heat gain in summer  
by directly shading the building surface. Green roofs reduce heat transfer through the roof and 
ambient temperatures on the roof surface, improving the performance of heating, ventilation 
and air conditioning (HVAC) systems. While there is great potential to cool buildings, research 
data and the results of modelling studies vary greatly in relation to the extent of the difference 
in temperature and the energy savings that are predicted for buildings with green roofs versus 
conventional roofs (see Section 2).  
'SSPMRKEGMX]¯YVFERLIEXMWPERHIJJIGX
,EVHWYVJEGIWMRYVFERIRZMVSRQIRXWWYGLEWGSRGVIXIFVMGOKPEWWEWTLEPXERHVSS½RKLEZIE
high thermal mass, collecting the sun’s heat during the day and re-radiating it slowly back into 
the atmosphere. This contributes to a rise in ambient temperature in cities, creating large, stable 
masses of hot air (urban heat islands), especially during periods of calm, still weather. 
Temperatures can be reduced by covering a roof or wall with a layer of vegetation that shades 
building materials which would otherwise absorb heat. Evapotranspiration provides cooling effects, 
as water is evaporated from the soil and plants and plants transpire by taking water in through 
roots and releasing it through leaves. Energy from the sun that would otherwise heat the roof 
or wall surface and increase ambient air temperatures is instead used in the evapotranspiration 
process, resulting in latent heat loss that lowers surrounding air temperatures. When green wall 
and facade plants are grown on a support system that leaves a gap between the wall and the 
planting, hot air moves up by convection through the space between the wall and the vegetation, 
providing passive cooling. 
A city-wide strategy to implement green roofs, walls and facades could help mitigate some 
of the negative consequences of urban heat islands, and consideration should be given to 




Green roofs can contribute to and enhance biodiversity by providing new urban habitats and 
WTIGM½GLEFMXEXWJSVVEVISVMQTSVXERXWTIGMIWSJTPERXWSVERMQEPW+VIIRVSSJWGEREPWSTVSZMHI
a link or corridor across urban ‘ecological deserts’ and assist in migration of invertebrates and birds. 
Designing for biodiversity requires consideration early in concept development with regard to 
plant species, food sources, habitat values, access points and building heights. 
An  introduction  to  green  roofs,  walls  and  facades10 Introduction
%IWXLIXMGWSTIRWTEGIERHYVFERJSSHTVSHYGXMSR
The liveability of cities is increasingly dependent on the availability of and access to green open 
space. Green roofs, walls and facades can increase amenity and provide opportunities for food 
production, recreation, relaxation or commercial ventures. 
In dense, rapidly growing urban areas, the contribution of green roofs, walls and facades to overall 
green space should not be underestimated. In inner-city areas especially, most space is occupied  
by buildings and related infrastructure and the opportunities for new parks and gardens is extremely 
limited. Green roofs, walls and facades can be used for multi-level greenery designs that connect 




Green roofs, walls and facades can contribute to the removal of gaseous pollutants from the air, 
although their effectiveness varies with plant species and area of cover. Plants with a high foliage 
density or with textured leaf surfaces that trap small particles also assist in removing particulate 
pollution, through dry deposition on the foliage or through rain wash. On a larger scale, green 
roofs, walls and facades can help to reduce overall environmental heat gain (re-radiation of heat  
from building materials with high thermal mass), in turn improving air quality as less photochemical 
pollutants are produced at lower air temperatures. 
-RMRXIVMSVIRZMVSRQIRXWTPERXWLEZIFIIRWLS[RXSLEZIEWMKRM½GERXGETEGMX]XSVIHYGIZSPEXMPI
SVKERMGGSQTSYRHWJVSQXLIEMV'EVTIXWERHSXLIVWSJXJYVRMWLMRKWERHSJ½GIIUYMTQIRXEVI
common sources of these gaseous pollutants; inclusion of vegetation, such as a green wall, can 
help to improve the air quality of the indoor environment.
Next	
 Steps
Read the frequently asked questions and the rest of the guide to understand the details of green roof, wall or facade systems, 




 3, technical advice is provided 
on how to design, construct and maintain green roofs, walls and facades. Finally, Section	
 4 provides detailed case studies of a 
selection of Victorian green roof, wall and facade projects to give practical examples of design, construction and maintenance.
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Evidence-­based  benefits  of  green  roofs,  walls  and  facades15 Evidence
Reducing  the  energy  budget  of  a  building
Green roofs, walls and facades can reduce cooling and heating 
costs, by reducing heat gain or loss across the building surface.  
Figure 3 shows the results of a study at Kobe University, Japan, 
where a green roof performed best out of four different roof 
XVIEXQIRXWMRVIHYGMRKLIEX¾Y\JVSQXLISYXWMHIXSXLIMRWMHI
SJXLIFYMPHMRK8LIVSSJWHMJJIVIHMREPFIHSXLIEFMPMX]XSVI¾IGX
rather than absorb, solar energy). A high albedo value means that 
QSVIPMKLXMWVI¾IGXIHERHPIWWMWEFWSVFIH%KVIIRVSSJTPERXIH







of latent heat through evaporation of water from plants and the 




greater than the bare concrete roof alone.
%KVIIRVSSJTVSZMHIWWMKRM½GERXGSSPMRKFIRI½XWGSQTEVIHXS
an uninsulated bare roof, although the most effective cooling 
comes from inclusion of insulation under the roof.  Modelling 
comparisons suggest that green roofs could be useful on poorly 
insulated buildings to reduce the thermal conductance across 
the roof deck. Thermal conductance (U-value) is the inverse of 
the resistance to transfer of heat (R-value). A study conducted 
in Athens, Greece, modelled the effect of adding a green roof to 
concrete roofs of different construction. Figure 4 shows that a 
green roof lowers heat transfer across a 25 cm thick and a 10 cm 






















































































Insulation of a building translates into energy savings for both 
heating and cooling. In Melbourne, with a well insulated building, 
winter heating is likely to dominate total energy costs, although 
this will depend on heating and cooling set points preferred by 
the building’s occupants. The R-value of an insulation material is 
a measure of its resistance to transfer of heat. Establishing the 
R-value offered by a green roof, wall or facade depends on a 
complex interaction of all the materials used, the depth of the 
growing substrate and the amount of water held in the substrate, 
as well as the plant selection, degree of coverage by plants and 
whether that coverage is present year-round. The following studies 
investigated the effect of green roofs compared to bare roofs on 
the thermal performance of buildings.
A study carried out in Singapore, comparing the effect of different 
vegetation types on a green roof with 40 cm deep soil, showed 
that heat gain was prevented, and heat loss was greatest under 
vegetation with the largest and densest foliage cover (Raphis 
palm used as a shrub) – see Figure 5. The bare hard roof surface 
accumulated and retained the most heat. Turf, and trees with an 
STIRGERST]TVSZMHIHPIWWGSSPMRKFIRI½X[MXLWMQMPEVLIEXPSWW
to that of bare soil. The reduction of heat gain and increased heat 
loss from soil, compared to the hard roof surface, is most likely 
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Evidence-­based  benefits  of  green  roofs,  walls  and  facades17 Evidence
Figure 6 shows the results of a study on energy demand under 
a green roof and bare roof in Melbourne. The building was 
described as having double brick external walls, a concrete slab 
¾SSVERHGSRGVIXIVSSJWRSQIRXMSR[EWQEHISJGIMPMRK
insulation. Temperature measurements were made between 
September 2008 and July 2009, in a room with a conventional 
waterproofed concrete bare roof, and a room with a green roof 
installed over the roof deck. These measurements were used in a 
simulation to predict the effect of a green roof on annual energy 
costs. Parameters used in the model included cooling and heating 
set points of 24°C and 18°C respectively, and an assumption that 
the space was heated or cooled between 8 am and 6 pm. Results 
showed that cooling and heating costs for the room covered 
with a vegetated roof would be 50 per cent and 12 per cent 
lower respectively than for the same room with a conventional 
bare concrete roof. For a building constructed from less strongly 
insulating materials, although winter heating and summer cooling 




stability of internal temperatures under a green roof is increased 
and contributes to thermal comfort year-round by preventing 
heat gain from the outside to inside in summer, and by reducing 
heat loss from inside to outside in winter. The construction of the 
roof deck and other building components plays a major role in 
determining the extent of heat gain or loss from a building.   
Figure 7 shows the results of a study in Brazil that compared 
external roof temperatures with internal ceiling temperatures 
in a building with rooms covered by a green roof, metal roof or 
a ceramic tile roof. Measurements were made over a week in 
FSXL[EVQERHGSPHWIEWSRW,IEX¾Y\[EWVIGSVHIHFIX[IIR
the three roof types and the internal surface of the ceiling inside 
each room, and internal air temperature was measured 1.5 m 
EFSZIXLI¾SSVMRXLIXLVIIVSSQW8LIKVIIRVSSJ[EWTPERXIH
with a monoculture of a low-growing succulent herb (Bulbine 
frutescens) in a substrate 140 mm deep. The graph indicates that 
the room under the green roof showed the smallest variation in 
daily temperature during the day in the cold season: this was also 
the case during the warm season, with a maximum daily variation 







































































Green roof trials in Adelaide (June 2011-May 2012) compared 
two plots with 300 mm deep growing substrate to four plots 
with shallower, 125 mm thick substrate. Two of the shallow 
HITXLTPSXWLEHEXVEJ½GEFPIEPYQMRMYQKVEXMRKMRWXEPPIHQQ
above the surface of substrate to create an air gap (see image). 
The aluminium grating treatment was tested to investigate the 
effect of shading of the vegetation. The substrates used were 
either a lightweight growing medium or a heavier substrate made 
from recycled brick and other inorganic materials. Temperature 
¾YGXYEXMSRWSJXLIYRHIVP]MRKWYVJEGI[IVIWQEPPIVJSVXLI
inorganic growing substrate with its higher thermal mass, than for 
the lightweight growing substrate. The variation in temperature 
across the entire day was halved with the aluminium grating 
installed over the substrate and vegetation. The grating created an 
increased insulation effect with a combination of shading, and from 






































Evidence-­based  benefits  of  green  roofs,  walls  and  facades19 Evidence




green facade offers (including the presence and type of a support 
structure, facade orientation and whether the climber is deciduo 
us or evergreen), decreases in wall surface temperature of between 
5°C and 10°C are common. The most useful assessments come 
from data collected throughout the year : in the future, longitudinal 
studies could provide additional value because outcomes are likely 
to change as the facade matures. To date, there is limited published 
HEXESRXLIVQEPFIRI½XWJVSQZIVXMGEPKVIIRMRKMR%YWXVEPMER
conditions.
Table 1 shows the results of a Spanish study on green facades. 
Temperature measurements were made over a year on the 
north-east, south-east and south-west sides of a building in 
Golmés, Spain, that was covered with the deciduous climber 
Wisteria sinensis (Chinese Wisteria). The climber was grown on a 
steel mesh support system. Shading of the south-west face of the 
building provided the greatest cooling effect.
Research undertaken in Adelaide investigated hybrid vertical 
greening systems that combine elements of green facades and 
living walls. Air temperature and solar radiation were measured 
in front of and behind the green facade. Although there was little 
reduction in air temperature in front of the green facade (relative 
to the air temperature in front of the adjacent bare brick wall), the 
wall surface temperature was considerably lower. The green facade 









 measured Outcome )JJIGXSJXLIKVIIRJEGEHI
Difference in temperature in front of and 
behind the facade
1.4°C cooler in summer
3.8°C warmer in winter
Absorption of light and heat energy by 
foliage keeps the cavity temperature 
lower.
Facade support system creates a 
microclimate/unstirred air layer next to 
the wall even when stems are bare.
Difference in surface temperature 
between bare wall and vegetated wall 
(summer)
Average bare wall temperature is  
5.5°C higher 
Maximum temperature is 15.2°C higher
Full leaf cover provides effective shading 
and prevents heat gain by the building
Difference in relative humidity in front of 
and behind the facade 
7% higher in summer
8% lower in winter
Evapotranspiration from leaves causes a 
local increase in humidity (and cooling) 





Evidence-­based  benefits  of  green  roofs,  walls  and  facades20 Evidence
Contribution  to  urban  cooling
Concrete, bricks, glass and large areas of impervious paved 
footpaths and roads contribute to heat gain in urban areas. This, 
and the loss of shading and cooling from vegetation in high density 
urban development, contributes to the formation of urban heat 
islands: increased ambient temperatures that arise when warm 
stable air masses develop above cities, particularly during periods 
of calm weather and low wind speeds.
A modelling study conducted by CSIRO and the 2YVWIV]ERH
+EVHIR-RHYWXV]SJ%YWXVEPME investigated the likely effect of increasing 
vegetation cover in Melbourne’s Central Business District (CBD) 
on average summer daily maximum (ASDM) temperatures over 
the period of December through February. Remote sensing 
imagery from the 2009 summer was analysed, and showed that 
HE]XMQIPERHWYVJEGIXIQTIVEXYVIW[IVIWMKRM½GERXP]VIHYGIHF]
vegetation. An urban climate model was then used to predict urban 
temperature changes under different vegetation schemes for the 
2009 climate, and for projected future climates in 2050 and 2090. 
Comparisons were made using the CBD both in its present form as a 
reference (with respect to urban boundary and density of vegetation), 
and with increased densities of vegetation.  Vegetation density was 
doubled at ground level, installed on green roofs, or both. 
Green roof vegetation was 0.5 m high and covered 50 per cent 
of building rooftops completely. In all models, it was assumed that 
vegetation was irrigated, so that evapotranspiration rates did not 
ZEV]WMKRM½GERXP]FIX[IIRHMJJIVIRX]IEVW-RXLIWGIREVMS
ASDM temperatures were reduced by 0.3°C by doubling the 
density of vegetation in the CBD, or by 0.4°C with green roofs. 
Increasing vegetation density both at ground level and with green 
roofs reduced ASDM temperatures by 0.7°C. In comparison, the 
creation of large urban parklands reduced ASDM temperatures by 
2°C. (Suburban areas were 0.5 to 0.7°C cooler than the CBD.)
The same relative effect of vegetation on ASDM temperatures 
was predicted for 2050 and 2090. Green roofs, in conjunction 
with cooling from an increased density of street trees and 
park vegetation at ground level, could help to decrease urban 
temperatures, reduce summer heat stress and the peak electricity 









An Australian report outlines principles for choosing the green 
roofs, walls, facades, and other more traditional uses of vegetation 
to cool urban areas (collectively known as green infrastructure) 
for cooling of urban spaces in the Greater Melbourne area. The 














A 2005 study in Toronto, Canada modelled the effect of 
implementing green roofs on low-rise buildings with low slope and 
¾EXVSSJWSJEVIEWKVIEXIVXLERQ2, and concluded that green 
roofs, implemented as a city-wide strategy, could mitigate the heat 
island effect by reducing local ambient temperatures by 0.5 to 
2°C. It was calculated that this could save Toronto homeowners 
and businesses CAN$21 million annually by reducing the energy 
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Managing  stormwater  volume
Green roofs absorb and retain water and can be an effective 
strategy for reducing stormwater run-off in urban environments. 
;LIRVEMRJEPPWSREFEVIVSSJVYRSJJ[EXIV¾S[WMRXSHVEMRW
very rapidly. The rate of run-off depends on the slope of the roof 
as well as the volume of the rain event. When the rain stops, run-
off continues until the roof is drained: any water remaining on 
the surface will evaporate. On a green roof, plants and growing 
substrate intercept rainfall. Some water will evaporate directly off 
plant foliage, but rain that falls directly onto the substrate, or drips 
off the foliage, percolates downwards. Some water is absorbed 
by substrate particles, and some drains down into underlying 
layers where it can be stored if these have the capacity to hold 
it (typically the drainage and protection/water retention layers). 
Excess water drains onto the roof and out into the stormwater 
system. So, on a green roof, both the time to onset and the time 
XSTIEO¾S[SJWXSVQ[EXIVIRXV]EVIHIPE]IHERHXLISZIVEPP
time taken to drain the roof is increased, as shown in Figure 8. The 
overall volume of stormwater is reduced because of the retention 
by the substrate and other layers of the green roof.
The advantage of using vegetation to manage stormwater run-off 
is that it increases the surface area available for rainfall capture, 
and thus helps slow the rate of entry and reduce the volume of 
stormwater. The height and spread of vegetation, as well as the 
type and diversity of species used affects how much rainfall plants 
can capture on their leaves, and how much water they release 
back into the environment through transpiration. Evaporation 
of water from the substrate also reduces the overall volume of 
stormwater. 
Figure 9 shows data from an experimental green roof study in 
Michigan, USA, where rainfall retention was measured over 14 
months. The three treatments were: a roof with gravel ballast only; 
an unplanted green roof; and a green roof planted with succulents 
(Sedum species). All roofs had a 2 per cent slope. Run-off was 
measured for rain events of different intensity. The green roof with 
plants retained the highest proportion of water from heavy rain 
events. For smaller rainfall volumes, the substrate-only roof was as 
effective as the green roof in retaining water. Both captured more 
water than the ballasted roof. 
*MKYVI8LISVIXMGEPKVETLGSQTEVMRKWXSVQ[EXIVVYRSJJJVSQEFEVIVSSJERHKVIIRVSSJ






















Figure 10 shows the results of an analysis of published data on 




121 shallow (extensive) green roofs and 11 deeper substrate 
(intensive) green roofs, with average substrate depths of 0 mm,  
50 mm, 100 mm and 210 mm respectively. Deeper substrate green 
roofs retained the most rainfall on average, with minimum and 
maximum retention of 65 per cent and 85 per cent respectively: for 










































































































Evidence-­based  benefits  of  green  roofs,  walls  and  facades23 Evidence
Figure 11 shows how slope affects stormwater retention. Green 
roofs with 2 per cent and 6.5 per cent slopes were planted with 
succulents (Sedum species) in 4 cm deep growing substrate. Run-
off was measured for rain events of different intensity. 
The difference in percentage run-off between the two slopes was 
greatest in heavy rain events, with the highest run-off observed 
from the more steeply sloped roof. 
A green roof captures a higher percentage of rainfall of a light rain 
event than a heavy one. If the rain event is very small, there may 
not be any run-off from the green roof, especially if the substrate 
is dry. During intense rain events where a large volume of water 
is delivered in a short time, the substrate may not absorb all the 
rain that falls, even on a densely vegetated roof. In these situations, 
the vertical movement of water through the substrate dominates, 
although vegetated roofs usually still have lower run-off than 
bare roofs. The run-off from intense or long rain events could be 
harvested and stored for irrigation.
Figure 12 shows how retention varies with different intensities of 
rainfall. Rainfall run-off was collected from a bare roof and a green 
roof with low growing herbaceous and succulent species planted 
in a growing substrate 10 cm deep. The green roof captures most 
of the volume of a small rain event. Although the green roof did 
not capture much of the rainfall from a more intense rain event,  


































































































Evidence-­based  benefits  of  green  roofs,  walls  and  facades24 Evidence
Research examining four different green roofs in Auckland 
investigated rainfall retention in relation to substrate depth and 
GSQTSWMXMSR4IEO¾S[TIVVEMRJEPPIZIRXJVSQXLIKVIIRVSSJW[EW
62 per cent to 90 per cent less than run-off from a corresponding 
conventional roof.  During winter, when plants are not actively 
using water from the substrate in transpiration, rainfall retention 
[EWVIHYGIH-X[EWJSYRHXLEX[EXIVVIXIRXMSRERHTIEO¾S[
are affected by the type of drainage layer used, and the horizontal 
distance that stormwater has to travel before it enters the 
perimeter gutter or point drains that lead off the roof. Increasing 
the distance to the drains, or using drainage layers that have some 
storage capacity (either granular aggregate or plastic cells with 










In urban environments stormwater collected from surfaces at 
ground level is usually contaminated. Rainfall run-off carries a mix 
of litter, organic materials (plant material and animal droppings), 
dust and soil particles and chemical pollutants such as oils and 
fertilisers. In contrast, the quality of water arriving at stormwater 
drains from roofs is relatively high. 
Data from two separate experiments (Tables 2 and 3) show the 
improvement of the quality of run-off from green roofs relative to 
bare roofs. The higher concentration of nitrogen and phosphorus 
in run-off from the bare roof is most likely due to the wash 
HS[RSJGSRXEQMRERXWMRXLI½VWX¾YWLVYRSJJEJXIVVEMRFIKMRW
The greater surface area for potential capture and storage of 
these contaminants on a green roof (on foliage, in the substrate) 
reduces the nutrient loading entering stormwater run-off. In Table 
2, the green roof included mixed herbaceous perennials, including 
succulents, planted into 10.2 cm deep substrate held in modular 
boxes that were installed on a roof. In Table 3, succulent species 













































6EMRJEPP 0.6 - 1.3 0.012 - 0.019
&EVIVSSJ
VYRSJJ 1.4 - 2.6 0.102 - 0.104
+VIIRVSSJ
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Most plants grown on a green roof require some fertiliser 
application for them to grow well in the long term, and leaching 
of nutrients into roof run-off will reduce water quality to some 
extent. The nutrients of greatest concern in run-off water quality 
are phosphorus and nitrogen: high levels of both cause algal 
blooms in waterways. However, relative to the amount of fertiliser 
initially applied to the roof, loss of nutrients into run-off can be 
WQEPP8LIFIRI½XSJEPEVKIVIHYGXMSRMRWXSVQ[EXIVZSPYQI
probably outweighs the cost of a small increase in nutrient loading. 
This should be considered in relation to stormwater quantity and 
quality requirements set by local water authorities.
8LI[EXIVUYEPMX]JVSQXLISYX¾S[SJKVIIRVSSJW]WXIQW[MXL
shallow or deep substrates was studied over nine months on a 
rooftop in Adelaide. Controlled release fertiliser was applied at 
the same rate to both green roof types. Run-off from the green 
roof areas with deeper substrates was of higher quality than that 
off shallow substrates, lower total dissolved salts and electrical 
conductivity, and there were lower sediment levels. However, there 
was also a trend for elevated nitrogen (measured as nitrate) and 
phosphorus concentrations in run-off from green roofs with deep 
substrates: these nutrients are highly soluble so their appearance 
in run-off is expected, but given that fertiliser application was the 
same for both the shallow and deep substrates, it is noteworthy 
that the deeper substrate did not provide greater nutrient 
retention.  Comparison of measured run-off quality against local, 
state and national water guidelines suggest that green roof run-
off could be recycled for irrigation and other non-potable use. 
A link to the report is available from the Government of South 
Australia’s &YMPHMRK-RRSZEXMSR*YRH – %2>,SYWI+VIIR6SSJ8VMEPW
7XSVQ[EXIV5YEPMX]1SRMXSVMRK.
Many Australian and international studies show a link between 
poor air quality and adverse effects on human health. This is 
particularly evident for people prone to asthma and other 
respiratory conditions, and those with cardiovascular disease. A 
study by the Environmental Protection Authority, undertaken in 
Melbourne between 1991 and 1996, demonstrated an association 
between elevated nitrogen dioxide, carbon monoxide, ozone and 
particulate air pollutants (such as smoke and dust) and mortality 
due to cardio-respiratory disease, including asthma. This association 
was strongest in warm weather, when ozone levels are high due to 
increased production at higher temperatures and stable weather 
conditions that reduce mixing of air. 
As urban populations continue to grow, and even with  
improvements in quality of motor vehicle emissions, it is projected 
XLEXXLIGSRGIRXVEXMSRSJTSPPYXERXWWYGLEWS^SRIERH½RI
particulate matter (PM2.5) will also rise. Management of pollution 
requires control of emission sources and measures that reduce 
the concentrations of pollutants in the atmosphere. Increasing the 
amount of vegetation in urban environments is one such measure: 
plant leaves absorb gaseous pollutants, while particulate matter can 
fall onto leaves or be washed onto them by rain, and ultimately into 







The larger canopies of trees and shrubs offer the biggest surface 
area for pollution capture, suggesting that green roofs with deeper 
substrate, with the potential to carry a broad range of vegetation 
types, will be an effective approach to pollution management at 
height. However, as any increase in the surface area available to 
absorb or adsorb pollutants offers the potential for improvement 
of air quality, shallower green roofs, or walls and facades planted 
[MXLLIVFEGISYWWTIGMIWQE]WXMPPTVSZMHIWMKRM½GERXFIRI½X8LI
extent of pollutant capture will vary with the density of foliage 
cover, and the degree of complexity of the leaf surfaces.
In narrow city streets at ground level (urban canyons), green walls 
and facades offer the opportunity for improvement of urban air 
quality in narrow spaces, by increasing the area that is covered by 
vegetation and providing more potential surfaces for deposition 
of pollutants. Measures of pollution capture in urban canyons 
(and estimates from modelling studies) vary widely, as so many 
factors contribute to the outcome, including the dimensions of the 
urban canyon, and wind speeds through it. A study that modelled 
the effect of vegetation in London street canyons estimated a 
reduction of 15 per cent to 40 per cent for nitrogen dioxide and 
23 per cent to 60 per cent for particulate matter concentrations, 
respectively, with the adoption of green walls in an urban canyon 
that was as wide as it was high.
1ENSV½RHMRKWEVIXLEXWMKRM½GERXVIHYGXMSRMRFSXLKEWISYWERH
particulate pollutants are achievable with vegetation on roofs 
and walls. This is achieved by direct capture of pollutants, and by 
reducing building heat gain and associated localised warming of 
the environment. All of these contribute to the creation of urban 
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During the Melbourne summer, the city often experiences several 
consecutive days of hot weather. This is subsequently associated 
with higher rates of illness and death: extreme high temperatures 
are an additional stress to people whose health may already 
be fragile, particularly the elderly. A report by the Victorian 
(ITEVXQIRXSJ,IEPXLUYERXM½IHXLIMRGVIEWIHMRGMHIRGISJLIEX
related illness and death during severe heat waves in January 2009. 
During this time, there were 62 per cent more deaths than would 
have been expected on average for this time of year, mostly in the 
75 years or older age group. Keeping our buildings cooler through 
increased shading is likely to contribute to a reduction in the loss 
of human lives, and the demands on health services associated 




Vegetated environments are good for people. Traditional public 
parks and open spaces provide refreshment and restful views, 
space for recreation and cool areas of shade in summer, and 
community gardens offer opportunities for food production. 
These environments offer the potential for social interaction and 
community building. They are good for physical and psychological 
health and wellbeing and provide relief from the pressures of high-
density living. Cost estimates of morbidity and mortality associated 
with the lack of access to green open space are not easy to dissect 
as there are usually concurrent, co-dependent factors that limit 
people’s ability to engage with nature. Exposure to nature improves 
people’s ability to focus, cope with stress, generate creative ideas, 






the sounds of HVAC (heating, ventilation and air-conditioning) 
equipment are constant features of Melbourne’s aural landscape. 
Modelling studies show that although green roofs provide some 
attenuation of noise, it is small: up to a maximum of 10 dB across 
most of the frequency ranges that have been tested. Tests on a 
range of green wall and facade systems in Singapore’s HortPark 
revealed a similar outcome. So far, for green roofs, there is no 
evidence for increased sound absorption beyond a substrate 
depth of 20 cm (up to 40 cm). Any small decrease in the volume 
SJSYXWMHIRSMWIMWEREHHMXMSREPYRWSPMGMXIHFIRI½XSJEKVIIR
roof, wall or facade. It has been suggested that the University of 
8EWQERME´WKVIIRVSSJ[EWEWMKRM½GERXJEGXSVMRWSYRHVIHYGXMSR
emanating from its site, however the building had a number of 
other technologies installed to reduce sound transmission, so 










There is very little published research on the impacts of green roofs, walls or facades on property value. Research in Canada estimated 
that buildings with a recreational green roof achieve an 11 per cent increase in property value, and buildings with views onto green roofs 
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Since 2008, researchers at The University of Melbourne’s 
Burnley campus have undertaken research evaluating 
green roofs for Australian conditions, with a focus on 
plants, substrates, hydrology, energy use and environmental 
psychology.
Experiments on roofs and in controlled environments have 
UYERXM½IHXLITIVJSVQERGISJHMJJIVIRXTPERXWMRGPYHMRK
both Australian native and exotic species. For survival in the 
absence of irrigation, plants with low water use and high leaf 
succulence, such as 7IHYQTEGL]TL]PPYQERH7xrubrotinctum 
proved to be the most successful. However, to reduce 
stormwater run-off from green roofs, plants also need to 
dry out substrates between rainfall events, a feature that low 
water use succulents are incapable of. This research showed 
that plants from specialised natural habitats similar to green 
roofs, such as rock outcrops, can balance high water use with 
high drought tolerance. The most successful species included 
(MERIPPEVIZSPYXE7X]TERHVEKPEYGE and Lomandra	
 spp. An 
EHHMXMSREPFIRI½X[EWXLIGETEGMX]SJXLIWITPERXWXSVIWTVSYX
following desiccation, further improving survival after drought. 
The development and analysis of lightweight growing 
substrates, based on mineral and waste components, such 
as scoria, crushed roof-tiles and bottom ash (wastes from 
coal-powered electricity generation) has led to multiple 
green roof installations across Melbourne. This work also 
included testing and evaluating a wide range of substrate 
components and mixes, and investigating the use of water-
retention additives in substrates, such as silicates, hydrogel 
and biochar. Of these, biochar was the most effective, 
resulting in lighter substrates that held more water and 
delaying the onset of permanent wilting in test plants by up 
to two days. This research also showed that the effectiveness 
of retention additives varied, depending on substrate and 
EHHMXMZITVSTIVXMIWJSVI\EQTPI½RIWMPMGEXIW[IVIMRIJJIGXMZI
in coarse-textured substrates).  
Hydrology research under natural rainfall conditions 
found that a 100 mm deep scoria substrate can reduce 
stormwater run-off in Melbourne by 43 per cent to 88 per 
cent, depending on the season. Further work evaluated the 
MR¾YIRGISJXLVIIHMJJIVIRXWYFWXVEXIWFSXXSQEWLVSSJ
tile and scoria) and succulent vegetation cover (planted vs. 
bare) on evapotranspiration and retention capacity under 
simulated rainfall conditions. The results showed that the 
IJJIGXSJTPERXGSZIV[EWMR¾YIRGIHF]WIEWSR[MXLKVIEXIV
evapotranspiration in spring. Planted modules also retained 
more rainfall than bare modules for medium and large rainfall 
events and overall the cumulative evapotranspiration was 
greatest from the bottom ash substrate (bare and planted) 
ERHWMKRM½GERXP]PIWWMRWGSVME;EXIVVIXIRXMSREPWSHMJJIVIH
between substrate types, with scoria retaining at least 20 per 
cent less rainfall after large events than both bottom ash and 
roof tile substrates, probably due to lower evapotranspiration 
from scoria between rainfall events. Results of an energy 
study completed in 2009 showed that a 125 mm deep scoria 
substrate green roof reduced building energy use by 38 per 
cent on a summer day. 
Environmental psychology research demonstrated that 
people prefer ‘meadow-like’ green roofs, dominated by green 
WXVETT]SVKVEWWPMOITPERXW8LIEHHMXMSRSJ¾S[IVWSRXLI
green roof further increased preference scores. Viewing this 
type of green roof was also found to improve concentration 





























































































green roofs, walls and facades. A glossary of other terms follows 
Appendix A at the end of this document.
Including this Introduction, the Technical Guide has been divided 
into eight chapters covering the following areas:
 Chapter 2. Site Analysis
 Chapter 3. Design and Planning
 Chapter 4. Building and Installation – Background Advice
 Chapter 5. Building and Installation – Green Roofs
 Chapter 6. Building and Installation – Green Walls
 Chapter 7. Building and Installation – Green Facades
 Chapter 8. Maintenance
-R%TTIRHM\%]SY[MPPEPWS½RHWTIGM½GERHHIXEMPIHMRJSVQEXMSR
about green roof growing substrates. 
If, after reading this guide, it appears that green roofs, walls or 
facades are not suitable for a particular building, consider other 
greening options, from balcony plantings to backyard and nature-
strip gardens. This guide does not cover these options, but many 
books and websites are dedicated to these opportunities.
This guide has been published under Creative Commons licencing 
as an invitation to others to adapt, update and improve the 
guidelines as new technology is developed and research improves 
our knowledge. 
While it provides the key relevant information on this subject at 
its publication, for more detailed information and updates visit the 
Growing	
 Green	
































































Climatic factors will vary with geographic location as well as with 
the site aspect and height and even from effects of surrounding 
buildings. It is important to understand the likely climate on-
site in order to inform decisions about which plant species are 
suitable for the site. There are no hard and fast rules about what 
constitutes too much wind or shade or other factors; rather, 
these are environmental gradients (for example, low wind to high 
wind) and often the best approach is to estimate the worst case 
scenario for plant growth that is likely on-site, and design with that 
in mind.   









throughout the year. It is important to establish whether rainwater or another water 
source can be harvested from other areas on-site, and stored to supply an irrigation 
system. This will avoid or minimise the need to use potable water for irrigation. It is 
useful to carry out an irrigation water demand analysis, to estimate water needs.   
In urban environments temperatures tend to increase with elevation, due to the 
increased thermal mass of built structures and the commensurate heat gain. Assessing 
the likely temperature range on a site is crucial in planting design, particularly in extreme 
temperature events. While cold temperatures are rarely a problem for vegetation in 
Melbourne, there can be localised green roof situations where this could be a factor in 
plant selection.
Enclosed spaces such as urban canyons can create their own microclimate where wind 
XYVFYPIRGITSSPMRKSJTSPPYXMSRLYQMHMX]ERHXIQTIVEXYVIGERFIMRXIRWM½IH8LI
localised climate of these areas will change the growing conditions for plants and needs 
to be considered when planning and designing green roofs and walls.
Light intensity tends to be greater at height than at ground level. At height there are 
JI[IVWXVYGXYVIWRSZIKIXEXMSRXSEFWSVFWSPEVVEHMEXMSRERHMRGVIEWIHVI¾IGXMSRJVSQ
adjoining building and surfaces (such as glass and light-coloured walls). Conversely, there 
EVIWSQIVSSJWERH[EPPWXLEXQE]VIGIMZIWMKRM½GERXP]PIWWWSPEVVEHMEXMSRHYIXSMRXIRWI
shading by nearby buildings. Shadowing and shading analysis can be used to assess areas 
of light and shade on a site and possible changes over the year (for example, at the 
equinox) and over time (for example, adjoining new building development).
Average wind speeds are greater at height than at ground level. Winds may be strong 
around the edges of buildings, or from the down draft caused by tall buildings. It is 
necessary to understand the likely wind load that a green roof, wall or facade will be 






























The Pop Up Patch is a subscriber-based edible 
gardening club, based on a car park roof behind 




 Co. runs the garden and has to allow 
for the different climate that comes from being 
based on a roof. The concrete roof stores heat 
and the warmer temperatures mean that species 
that might not normally have been considered 
suitable for the area can grow. Some species that 
are usually annual begin acting like perennials. 
For instance, they have found that capsicums 
and chillies survive and continue to fruit through 
the winter months in this location. The warmer 
temperatures necessitate growing substrate with  
a high water-holding capacity. In addition, the winds 
at height dry the surface of the substrate, so drip 







The load-bearing capacity of a building must be known before 
planning a green roof, wall or facade. A structural engineer’s advice 
is essential to ensure comprehensive design development, based 
on the building’s construction, condition and weight loading capacity.
*SVVIXVS½XXMRKEKVIIRVSSJ[EPPSVJEGEHIMXMWMQTSVXERXXS
establish early whether the installation will meet the existing 
WXVYGXYVEPGETEGMX]SJXLIFYMPHMRKSV[LIXLIVXLMW[MPPFIQSHM½IH
to support the installation. In some instances, it is possible to 
strengthen an existing roof in strategic areas (and not across the 
whole roof) in order to achieve the design outcome while also 
minimising costs.
It is important to consider not just the weight of plants when 
planted but their weight at maturity, especially where shrubs and 
XVIIWEVITVSTSWIHEWXLIWIEVIPMOIP]XSFIWMKRM½GERXP]LIEZMIV
over time. The weight of saturated plants and substrate must 
also be included in the load assessment. Some example weight 
loadings of plants are provided in Tables 4 and 5.
Damage to a wall can arise from wind forces, plant load, cable 
tension, and human access. This is particularly important where 
older walls are being used and where there is a large surface area 








The weight of people who will use the space, and of any mobile equipment that will be 
used periodically on the site, for example, maintenance (live load generally applies to 
green roofs, not facades or walls, however it would be appropriate on a vertical surface 
MJEXVEJ½GEFPIQEMRXIRERGITPEXJSVQ[EWFYMPXMRXSXLIW]WXIQ

Moving, rolling or short-term loads, including wind and seismic activity.
8LI½REPGSRWXVYGXIH[IMKLXSJEPPFYMPXIPIQIRXWERHEPPGSQTSRIRXWEWWSGMEXIH[MXLXLI







 6 - 12
Clematis'PIQEXMW
Tropaeolum*PEQI2EWXYVXMYQ
 3 - 12
Vitis3VREQIRXEP+VETI
Ampelopsis4SVGIPEMR:MRI























































The University of Melbourne’s demonstration 
green roof is designed for use by visitors and 
staff. It is built on a heritage-listed brick building in 
Burnley. It has areas of deep and shallow substrate 
and is designed for a dead load of 300kg/m2 and a 
live load of 300kg/m2 on the decking and walkway 
mesh and 150kg/m2 on the planting area.
The Venny green roof has shallow substrates on 
X[SX]TIWSJVSSJXLI½VWXVSSJMWSRWLMTTMRK
containers, and is designed for a dead load of 
250kg /m2 and live load of 100kg/m2. The second 
trussed roof is designed for a dead load of 160kg/
m2 and a live load of 40kg/m2. 
The Triptych external green wall and the Telstra 
Conference Centre internal green wall are both 
designed for a dead load of 80kg/m2.
Site  Analysis36 Site
Sites for green roofs should be assessed for drainage. Check 
whether the site has primary and/or secondary drainage systems 
(illustrated in Figure 13).




 simple waterspouts (also known as scuppers) 
 outlets or box drains built into the roof
8LIWIEVIGSPPIGXSVHVEMRWXLEXEVIHIWMKRIHXS¾S[[LIRSRP]
partly full. Primary drainage systems are not designed to remove 
all of the water that falls on a roof during exceptionally heavy rain.  






the roof. These are designed to operate in a worst-case scenario 
where the primary drains are completely blocked and water 
builds up on the roof due to a torrential downpour of rain and/
SVEJEMPYVISJXLIMVVMKEXMSRW]WXIQXSWLYXSJJ3ZIV¾S[HVEMRW
remove accumulated water to a depth that the roof can carry 
without becoming unstable, and ensure that the roof weight 




be established by looking at existing performance of the drainage 
in conjunction with the historical data on rainfall intensity. 
Removal of water from any roof surface is assisted by some degree 
SJTMXGLSVWPSTI)ZIRVSSJWXLEXPSSO¾EXLEZIEKIRXPIJEPPXS
promote movement of water into the roof drains, to prevent ponding. 
‘Ponding’ refers to water that remains on a roof for extended 
periods after the end of the most recent rain event (Figure 14). 
6IGYVVIRXTSRHMRKGERGEYWIPEWXMRKHS[R[EVHHI¾IGXMSRSJXLI 
VSSJWXVYGXYVI[LMGLSZIVXMQIQE]VIHYGIXLIIJ½GMIRG]SJ
drainage and cause the roof to become unstable. A pitch of at 
least two per cent reduces the risk of ponding, and a steeper pitch 
means the roof will drain more quickly. Strengthening the roof 
GSRWXVYGXMSRXSVIHYGIHI¾IGXMSRQE]FIRIIHIH
When assessing the site and planning for the design of a drainage 
system, consider :
 the amount of rainfall that lands directly on the site, and any 
that drains onto it from adjacent roofs or walls
 length of rainfall event – estimated from historical records 
and forecasts of future extreme rainfall events under a 
warmer climate
 the speed at which rainfall will collect at the drains 
(determined primarily by roof pitch) 
 the planned capacity of drains, including the drain dimensions 











































 surface – Is it 
currently waterproofed? Does the wall have a surface that needs 




 available – bearing in mind that costs increase 
with size. The useable area can be diminished if there are many 
windows on a wall or numerous vents and equipment on a roof.
Roof	
 slope – green roofs are ideal on slopes less than 15 degrees 






 - is there space to 
store water on-site? Tanks are usually located at ground level or 
in the basement of a building, and an irrigation tank may be co-
PSGEXIHSVWLEVIH[MXLXEROWJSVXSMPIX¾YWLMRK;EXIVWXSVEKIGER
also be built into the design of some green wall systems.
2.5  Access
Evaluation of the site should review accessibility. Temporary 
access will be needed for machinery, and delivery and storage of 
materials during construction. For green roofs or multi-storey wall 
and facade greening, this might involve a crane to lift materials 
onto the site. 
Consider how people will access the installation for maintenance, 
viewing or standing on.  This might require stairs, lifts and viewing 
platforms for the general public or building tenants. It may also 
VIUYMVIFEPYWXVEHIWGEFPIWJSVEXXEGLMRKLEVRIWWIWERHVSTIW½\IH
fall protection), ladders, elevated work platforms independent of 
the building, or swing stages mounted on the top of the building 
for maintenance personnel. Access for maintenance to walls and 
facades can also be considered from below, in which case space 
for a temporary elevated work platform is likely to be required.  
Further information about site safety is provided in Chapter 4.
Access for passers-by must also be considered, as there are 
regulations against vegetation that protrudes onto public space, 
and even in the private realm it is important to be aware of 




If creation of habitat for biodiversity is a desired outcome 
for your green roof, wall or facade, consideration of the 
surrounding landscape could be useful. However, nearby 






The table below outlines information that is required in the 
analysis of a site for a potential green roof, wall or facade. Some of 
these elements will require specialist knowledge; for instance, the 
weight loading that can be applied to a roof or wall, will require 
consultation with an architect and structural engineer. 
Other issues can be answered either by direct observation on the 
site or through the use of downloadable resources, such as climate 
data for the local area from the Bureau of Meteorology’s Climate	
 
(EXE3RPMRI. The information collected will help determine the 
design and planning of the green roof, wall or facade.














Expected maximum and minimum temperatures.
Expected rainfall volume and distribution throughout the year.
How sun, shade, wind vary on the site throughout the year.
,S[XLILIMKLXSJXLIFYMPHMRKQMKLXMR¾YIRGIWSQIGPMQEXMGJEGXSVW
Forecasts on how the local climate might change over time.
Local	
 environment %WWIWWQIRXSJSTTSVXYRMXMIWSVVMWOWXLEXRIEVF]ZIKIXEXMSR[MPPLEZISRXLIWMXI½VIXLVIEX weed or pest invasion, biodiversity migration.
;IMKLXPSEHMRK Load-bearing capacity.Estimated transient loads, particularly wind forces.
Drainage Storm water discharge points. %WWIWWQIRXSJ[LIXLIVHVEMREKI[MPPFIWYJ½GMIRXMRXLIGEWISJWIZIVI[IEXLIV







Size of useable roof or wall area.
Available space for plants to be grown from ground level upwards.
Any slopes or angles to the roof or wall.
Quality of existing roof and wall materials.
Access
Access to site for cranes and other machinery, and for storage of materials during construction.
Access for maintenance and/ or visitors (consider safety such as a parapet on a  
roof and disability access requirements too).
Access to utilities  - water, electricity.
Ensure access for passers-by is not impeded.
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%GSRGITXHIWMKRJSVEKVIIRVSSJMR1IPFSYVRI-QEKI&IRX%VGLMXIGXYVI
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The fundamental reason for undertaking a green roof, wall or 
JEGEHITVSNIGXRIIHWXSFIMHIRXM½IHYTJVSRXEWXLMW[MPPMR¾YIRGI
the design, construction and required level of maintenance for 
the system. When building a green roof, wall or facade on behalf 
of someone else it is crucial that the client’s requirements are 
understood. For example, a green roof designed for the purpose 
of increasing aesthetic value might focus on species of ornamental 
WMKRM½GERGIQSVIWSXLERHVSYKLXXSPIVERGISVPS[QEMRXIRERGI
However, the same design might not be suitable for a client who 
[ERXWEPS[QEMRXIRERGI[EXIVIJ½GMIRXMRWXEPPEXMSR
It should be noted that green roofs, walls and facades will be part 
of a broader urban green landscape and their design should ideally 
ensure that they contribute to the goals for the surrounding 
landscape, along with street trees and other forms of ‘green 
infrastructure’.
The following tables provide some examples of different 
considerations needed for different design goals. This is not an 
exhaustive list, and it has some very simple considerations: it is 
intended only to illustrate that different goals will require different 
inputs and system set-ups. Discussions with professional green 
roof, wall and facade installers, landscape architects and a review 
SJVIPIZERXVIWIEVGL[MPPFIRIIHIHXSQEOI½REPHIGMWMSRWEFSYX
the most appropriate approach. 
3.1  Design  objectives
+VIIRVSSJHIWMKRKSEPW Considerations




 use Increase weight loading, ensure ready roof access, planning and safety requirements. 













Increase substrate depth, provide irrigation, select species for leafy plant cover 






Include habitat plants (usually native/indigenous), habitat features (such as 
water and shelter), small changes in topography and variations in substrates. 
See ‘Green roofs for biodiversity’ following.
4VSHYGIJSSH Increase weight loading capacity of the roof, and depth and organic content  of substrate, ensure good access to the site, provide irrigation.






Ensure access for maintenance is possible, consider hydroponic system 












patterns and consider textures, foliage colours and extending the planting area 












Consider DIY installations, minimise the size of the system, self-contained units 



















 install Use a direct attaching species of plant, grown from the ground at the base  of the wall.
%QYPXMWXSVI]JEGEHIKVIIRMRK
Include containers at different heights, include cabling or lattice support 
structures for twining plants, ensure access for maintenance, provide  
irrigation, consider secondary protection of plants against stem damage,  
e.g. wind protection trellis.
7GVIIRMRKSJERYRWMKLXP]ZMI[ Use evergreen species to ensure year-round screening, create a structure for the plants to grow on. 
1E\MQMWIXLIVQEPFIRI½XW
Use deciduous species if heat gain is desired in winter; ensure very leafy 
plants, covering the entire wall for providing best shade in summer, particularly 
on north and west facing walls; provide a structure at least 100 mm off the 
wall of a building for the plants to grow on, leaving an air gap between the 
building and green plants to maximise cooling effect.




Include a variety of species, with habitat features such as nectar producing 
¾S[IVWJVYMXWGETEGMX]XSWYTTSVXRIWXWGVIEXITVSXIGXIHSVZMWYEPP]
prominent areas.
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Green roofs that are designed to increase biodiversity should 
feature indigenous vegetation local to the area. Biodiversity 
roofs should also incorporate different vegetation layers and 
landscaping features to increase opportunities for wildlife to feed 
and shelter. These may include hollow logs or twig bundles, rocks, 
different substrate types, such as areas of sand or rubble, and 
spaces for shelter, such as roof tiles and nesting boxes.
The value of green roofs for biodiversity will depend on their 
characteristics and location. In general, larger green roofs on 
relatively low buildings closer to natural areas will be more 
valuable than small, high green roofs in dense urban areas 
remote from parks or native vegetation remnants. 
In the Northern Hemisphere, biodiversity roofs often have 
only a shallow (< 150 mm) depth of substrate, and receive 
little to no irrigation or maintenance. In most parts of 
Australia, the longer growing season and typically hot, dry 
summers make it unlikely that herbaceous vegetation on 
shallow green roofs could be sustained in the long term.
Irrigation may need to be provided during hot dry periods to 




If a low to no-maintenance approach is taken for a 
biodiversity roof, there must be an understanding that some 
plant species may be short-lived. Species’ persistence can 
be improved through plants that readily seed and self-sow, 
or produce underground storage organs (bulbs or tuberous 
roots) that are dormant for part of the year. 
Planting a diverse range of species on a green roof is more 
likely to attract a broad range of invertebrates, birds and 





















Just as walls and roofs of buildings provide a surface for 
greening in dense urban areas with very little ground-level 
space, they also represent a possible location for urban food 
production.
In some parts of the world large areas of rooftops in inner 
urban areas are being transformed into urban farms. More 
commonly, roofs are used to house hydroponic or container-
based plots for food production, such as the Pop	
 Up	
 Patch at 
Federation Square, Melbourne.
Walls have only been experimented with on a small scale. 
Facades tend to lend themselves to the production of food 
from climbing plants such as beans or passionfruit.
Some of the challenges to be overcome with rooftop and 
vertical food production include:
 access for harvesting the produce
 load-bearing capacity that will allow for the  
necessary numbers of people and equipment  
needed at harvest time
 ensuring the produce is not contaminated from 
pollutants in the air – research is being conducted 
on this. Note that research from Germany on urban 




perhaps roofs will be buffered simply because they are 
away from the roadside 
 
 
 sustainable water use – food-producing plants tend to 
need a lot more water than a number of other plants 
typically found on roofs, walls and facades. So it is 
imperative that rainwater can be collected, and possibly 
recirculated, to irrigate large urban agriculture plots
 nutrient management – every crop harvest takes 
nutrients out of the system, so to keep adequate 
nutrition up to food-producing plants, growing substrates 
will need to have either a higher organic matter rate 
than traditionally used in facades or roofs or more 
nutrients will need to be applied to the plants. This will 
necessitate close monitoring of run-off to ensure that 
the water leaving the site is not polluted.
As the issue of adequate plant nutrition is so crucial to food 
production, it is uncommon to see examples where urban 
agriculture is practiced on roofs where the layers are loose-
laid, rather than in containers. Where containers are used it 
is possible to remove all the growing substrate and replace 
completely. In fact, there are some urban agriculture rooftops 
where the food is grown on hydroponic systems on the roof 
to avoid the need for a growing substrate altogether.
Urban agriculture on roofs and walls can be part of 
community gardens, private residences, school farms, social 
enterprises or may have potential to be commercial farms. 
The scale of the project and intended level of production will 
determine how the challenges above are dealt with. Careful 
consideration needs to be given to plant selection as roofs 
and walls can be much hotter, darker or more windy than 
ground sites. 
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Good drainage ensures that the green roof, wall or facade does 
not compromise the structural integrity of the building and that 
plants are not adversely affected by waterlogged substrate. A 
drainage system must effectively remove surface and sub-surface 
water from the roof or wall. 
;LMPIKVIIRVSSJW[EPPWERHJEGEHIWEVIEFPIXSVIHYGIXLI¾S[
and assist in retaining stormwater run-off, it is still necessary to 
have drainage systems that can cope with extreme rainfall events 
SV¾SSHMRKGEYWIHF]SXLIVJEGXSVWSRXLIWMXI7IIChapter 2 
for more information on drainage systems. All roof drainage 
systems (green or otherwise) should be designed to handle the 
most intense 60-minute duration rainfall that has a one per cent 
probability of being exceeded in one year (in Melbourne, this is a 
48.5 mm rainfall event but is subject to change). Green roofs will 
not directly increase drainage needs on a roof, however design must 
ensure that excess surface run-off can be discharged readily through 
the roof drainage system. The components that make up the 
WYFWXVEXI[MPPEJJIGXXLI¾S[SJ[EXIVXLVSYKLEKVIIRVSSJTVS½PI
Irrigation is critical to the success of most green roofs, walls and 
facades, and many green walls have a particularly high water 
demand. It is strongly recommended that non-potable water 
sources for irrigation are explored, particularly for systems/designs 
that are water intensive. The likely water demand of vegetation 
can be estimated by developing a water budget based on multiple 
characteristics of the green roof, wall or facade, including:




 the capacity of the substrate to store water 
A number of  horticultural publications provide more information 
on these issues, including+VS[MRK1IHMEJSV3VREQIRXEP4PERXW
and	
 Turf (Handreck and Black), ;EXIV9WI)J½GMIRG]JSV-VVMKEXIH
Turf	
 and	
 Landscape (Connellan) and ;EXIV9WI'PEWWM½GEXMSR
of	
 Landscape	
 Species – a method for estimating the water 
requirements of landscape plants, based on species, vegetation 
density, and microclimate (University of California Cooperative 
Extension and the California Department of Water Resources). 
Sustainable design of green roofs, walls and facades should 
incorporate key principles of water sensitive urban design 
(WSUD), particularly to manage stormwater in the landscape, 
rather than into the stormwater drainage system. For green roofs 
in particular, it is desirable to maximise water retention in the 
system for as long as possible, and to send reduced volumes of 
high quality (low nutrient) run-off off the roof. Re-use of irrigation 
water is useful in green roof, wall and facade installations, where 
PEVKIZSPYQIWSJ[EXIV¾S[XLVSYKLXLIW]WXIQ8VIEXQIRXXS
disinfest and treat run-off water is needed in these situations as 
continuous recycling of untreated water can spread soil-borne 
disease and/or lead to the build-up high levels of nutrients.  
In many green wall installations, water reticulation and reuse is 
standard practice. 
1SVIWTIGM½GEHZMGISRHVEMREKIERHMVVMKEXMSRJSVKVIIRVSSJWMW
available in Chapter 5.





Design  &  Planning46 Design
Design and planning of a green roof, wall or facade must 
incorporate an understanding of how the system will be 
maintained. Buildings owners and property managers need to 
understand what is involved in maintaining the roof, wall or facade 
ERHQYWXFIGSQQMXXIHXSQEREKMRKMXSXLIV[MWIXLIFIRI½XW
outlined earlier in this document may not be achieved.
The systems, or assets, created must not exceed the skills, 
technologies and resources of those who will be given the 
responsibility for their maintenance. There are examples of green 
roofs in Melbourne that have been designed which require 
complex horticultural management, but the management has 
fallen to contract staff with no specialist expertise in green roofs, 
and the landscapes begin to deteriorate. This can result in user 
complaints and/or the need to replace an asset prematurely, 
[LMGLMWMRIJ½GMIRXERHYRWYWXEMREFPIFSXLIGSRSQMGEPP]ERH
environmentally. It may be that the green roof, wall or facade 
provider is best placed to undertake on-going maintenance on a 
contract basis.
The person or team with ultimate responsibility for management 
of the project/property must be clear about maintenance objectives 
and their capacity to undertake them with available resources. All 
design options proposed must be fully evaluated in terms of the 
maintenance they will entail.
Including ongoing maintenance costs is an important part of the 
design considerations, especially from the point of view of the 
client, or asset owner. To determine the ongoing maintenance 
requirements of a green roof, wall or facade consider engaging 
a consultant or contractor with relevant experience. Advice 
can be provided on the resources needed to maintain different 
design options and the likely expenditure needed to maintain 
the materials used. For large commercial projects, a maintenance 
impact statement can be provided by the landscape designer. 
Alternatively, specify maintenance objectives and standards early, 
so that the designer has these in mind to start with. Chapter 8 
provides information on common maintenance tasks and the 
development of a maintenance plan.
Consideration may be needed for renewal or removal of a green 
roof, wall or facade, especially where a temporary or short-term 
installation is proposed. The Melbourne Central shopping centre 
green wall was designed as a temporary installation, however 
with various interventions its life was extended for some years. 
Ultimately it was dismantled due to high maintenance costs for a 
wall in a position with very limited light. Although roofs, walls and 
facades can, of course, be designed from the outset to last for 
decades, in some cases they will be designed for a limited lifespan 
and therefore the opportunities for renewal or process for 
removal should be considered in the design stage.
Most projects require the involvement of a number of different 
trades and skills, and the more complex the project, the more 
elements there are to coordinate. It is crucial that a specialist, 
experienced, green roof, wall or facade designer is engaged 
during the design and consultation phase, rather than at the  
end of this process.
%PXLSYKLXLIVIEVIRS%YWXVEPMERWXERHEVHWJSVXLIWTIGM½G
purpose of green roof, wall or facade installation, some Australian 
building code standards are relevant. International standards that 
are often referred to in Australia are the German FLL guideline, 
ASTM International (formerly the American Society for Testing 
and Materials) and Singapore’s Centre for Urban Greenery and 
Ecology (CUGE). See Standards in the References and source 
material section of this guide for more information.
The website of Green	
 Roofs	
 Australasia features a business 
directory covering aspects of green roof, wall and facade design 
and construction. The Landscaping	
 Victoria website provides a list 
of commercial and residential landscape contractors, landscape 
designers, and landscape service and product suppliers. There 
are a number of useful books on various aspects of green roofs, 
walls and facades, some of which are listed in the References and 
source material section of this guide.  
You may need to consult with various professionals, some of 
them possibly on an ongoing basis, throughout both the design 
and construction phases of your project. For small-scale projects, 
a green roof, wall or facade provider will often supply several 
services, from engineering to irrigation to project management 
and design. In other cases, it will be imperative that the provider is 
collaborating with the rest of the design and project management 
XIEQW8LIJSPPS[MRKPMWXHIWGVMFIWWTIGM½GEVIEWSJI\TIVXMWIMRZSPZIH
3.3  Designing  for  maintenance  
3.4  Sourcing  skills,  expertise  and
information




 Develops a project timeline
 Manages construction budget and payments
 Ensures contractors have appropriate registration, licensing, 
insurance and working at heights training






 Plans and oversees construction activities






 Designs the project, working with the client to select the 
most appropriate system for the site, including consideration 
of how it will be managed and maintained in the long term
 Coordinates planning and building permits, either directly 
or through a building surveyor
 Reviews progress and inspects construction
 Provides advice on the installation in the context of the 
whole site/landscape
Note: architects and landscape architects with experience and 
specialised knowledge of green roofs, walls and facades will be 
best able to provide conceptual designs and specialised design  




 Examines the existing building, or the proposed design for  
a new building
 Determines the structural elements required to achieve  
the desired weight loading
Builder	
 
 Constructs the building, or installs any structural 
VIMRJSVGIQIRXRIIHIHMREVIXVS½XKVIIRVSSJTVSNIGX
 Installs any built-in elements associated with the roof, wall 





 Reviews and approves building plans
 Reviews construction for compliance with the regulations 













and as part of regular scheduled maintenance
Horticulturalist	
 
 Provides advice on growing substrate 
 Recommends and sources suitable plants
 Seeks specialist advice (for example, arboricultural advice for 
tree selection)
 Coordinates delivery and installation of plant materials
+VIIRVSSJTVSZMHIV
 Provides design advice to architect/landscape architect (or 
may undertake all design work in a small project)
 Provides advice on all elements required for the green roof 
build
 Supplies and installs all green roof elements, usually including 
growing substrate and plant materials






 Designs and installs the green wall 
 Provides advice on the most appropriate treatment for 
the site, including plant selection, irrigation and ongoing 
management
+VIIRJEGEHITVSZMHIV
 Designs and installs the green facade 
 Provides advice on the most appropriate treatment for the 
site, including plant selection, irrigation, cabling, trellising and 
container-growing systems, and ongoing management
-VVMKEXMSRGSRWYPXERX,]HVEYPMGIRKMRIIV
 Advises on a suitable irrigation system during the design 
process based on the proposed substrate depth/volume and 
water-holding properties
 Advises on use of recycled/harvested water, pumps, and 
WXSVEKIXEROZSPYQIWERHGSR½KYVEXMSRW
 %HZMWIWSRETTVSEGLIWXSWYWXEMREFPIERHIJ½GMIRX[EXIV
management in the context of the whole site (water sensitive 
urban design)
 Advises on integration of the irrigation system with the rest 





 Oversees maintenance contractors
 Negotiates and manages contractual arrangements
 Allocates budget and resources to maintenance activities 




an existing building, as the structural load-bearing capacity can 
be more easily integrated into a new project compared to 
augmenting the structural capacity of an existing building.
2SX[MXLWXERHMRKXLMWMXMWJIEWMFPIXSVIXVS½XQER]FYMPHMRKWIMXLIV
F]TVSZMHMRKEHHMXMSREPWXVYGXYVEPWYTTSVXWSVERI[³¾SEXMRK ´VSSJ
to carry the green roof.
A small green roof (30-50 m2) with reasonable access would cost 
between $150 and $400 per square metre to install. This does  
not include:
 design fees
 planning and building permits
 permits for lifts and cranes
 demolition or relocation of existing infrastructure on the roof
 EHHMXMSRSJWTIGM½GLEVHMRJVEWXVYGXYVIIPIQIRXWWYGLEW
furniture, shade structures, decking, paving, planter boxes or 
structures to support climbing or trailing plants 
-XEPWSEWWYQIWXLEXXLIVSSJLEWWYJ½GMIRXWXVYGXYVEPGETEGMX]ERH
does not require strengthening.
)\EQTPIGSWXWJSVWXVIRKXLIRMRKXLIVSSJ
Existing roofs may require additional strengthening work in order 
to accommodate the weight of people, plants, substrate, and other 
items. The following rates for strengthening an existing roof can be 
used as a guide. Please note that these costs may vary according 
to the issues outlined earlier under ‘Cost considerations’.
)EGLVSSJ[EPPSVJEGEHI[MPPZEV]WMKRM½GERXP]MRXIVQWSJGSWX
depending on the design site, the system installed and the 
construction materials used. Costs can be reduced in small projects 
as ‘do it yourself ’ (DIY) installations, involving less personnel and 
smaller spaces. There may also be economies of scale for large 
projects which will bring costs down, especially if there are other 
IJ½GMIRGMIWMRXIVQWSJEGGIWWJSVGSRWXVYGXMSRERHMJXLIFYMPH
already lends itself to a green roof, wall or facade.
Generalisations of costs, based on 2013 prices, are provided 
opposite, and are indicative only as each project will present 
different opportunities and challenges. The case studies included in 
this guide (Section 4) provide an indication of costs of particular 
installations (at the time of their construction). Up-to-date pricing, 
and advice on the costs likely to apply to a particular project 
site, need to be sourced from expert practitioners, providers, 
architects and engineers.
Construction costs will vary according to some of the following issues:
 type of structure (and any need for structural  
reinforcement) 
 design
 site location, size and access
 distances for transport
 storage of materials on or off-site
 access for mobile cranes, access to goods lifts
 roof height, dimensions and load-bearing capacity
 roof construction, complexity of roof design including roof 
penetrations
 timing of project, including contract growing of plants
Typical maintenance costs include irrigation water, fertiliser, 
replacement plants, weeding and pest and disease management. 
Periodic inspection and maintenance of the site, from the irrigation 
system to clearing drains to re-tensioning of cables or repair of 
PSSWI[EPP½\MRKW[MPPFIRIIHIH1EMRXIRERGIGSWXWQE]MRGPYHI
access costs if, for instance, an elevated work platform is required 
(more information on maintenance can be found in Chapter 8). 
A design contingency to cover additional costs during the 
development of the design of the green wall, facade or roof 
should be budgeted for, as should a construction contingency  










ERHJSYRHEXMSRW $2500 to $7500 each
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+VIIRJEGEHIW
Professionally installed green facades will cost from $400/m2 




The following rates for green facade components can be used as 
a guide. Please note that these costs may vary according to issues 




The following rates for green roof components can be used as a 
guide; however, these costs may also vary according to the issues 


























In professional quotes the following contingencies are often 
allowed for, in addition to the construction/installation costs  
of the green roof, wall or facade:
(IWMKRGSRXMRKIRG]SJTIVGIRX An amount included in a construction budget to cover additional costs for possible design changes.
'SWXIWGEPEXMSRSJTIVGIRX Anticipated changes in the cost or price of labour or materials over a period of time.




DIY individual wall components for retail sale may be relatively 
cheap, at $160/m2 for the system and $150/m2 for the substrate, 
plants and irrigation system.
A professionally installed wall will cost between $1,100 and 
$2,800/m2 and will often include maintenance visits for 12 months 
in the price.
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Planning
The construction of a green roof, wall or facade may require a 
planning permit from the local council. At present, there are no 
WTIGM½GTPERRMRKKYMHIPMRIWSVVIUYMVIQIRXWJSVKVIIRVSSJW[EPPW
and facades in Victoria, however associated building works may 
require a planning permit. Such works may include, for example, 
replacement of an existing roof or building new structures such as 
handrails, or the supporting structures for green facades and walls. 
A planning permit will most likely be required if the building is 
affected by a planning overlay such as a Heritage, Neighbourhood 
Character or Design and Development overlay. 
Other planning considerations include:
 siting controls, such as overlooking (particularly if it is a roof that 
is intended to be used as a space for people to congregate)
 overshadowing
 setback requirements
Where mandatory height controls apply, rooftop structures may 
be prohibited. Green roofs can be used to meet private open 
space requirements in private dwellings. More information about 
planning schemes and the overlays in any given municipality is 
available from the 4PERRMRK7GLIQIW3RPMRI website. It is also 
important to speak to the local council.
Local	
 laws
Compliance with laws of the local council is required during the 
building and maintenance of green roofs, walls or facades. Laws 
will often address issues related to:
 management and disposal of waste products, such as pruning 
material generated by maintenance contractors
 QEREKIQIRXSJZIKIXEXMSRGSRWMHIVIHXSFIE[IIHSV½VIVMWO
 management of overhanging vegetation on public land or 
XLEX[LMGLLEWERIKEXMZIMQTEGXSRPMKLXMRKSVXVEJ½GWMKRW
 drainage over public land
 use of elevated working platforms or cranes on public land 
during construction or maintenance  
 access at street level for people with a disability – consider 
encroachment of plants or structures into footpath space
 access by emergency services – do not impede the safe 
egress of occupants in an emergency
Building
Building permits are issued in line with the Victorian Building 
6IKYPEXMSRW%PXLSYKLXLIVIEVIRSWTIGM½GVIUYMVIQIRXWVIPEXMRK
to green roofs, walls and facades in the building regulations, a 
building surveyor will need to ensure the following aspects are 
WEXMW½IHFIJSVIEFYMPHMRKTIVQMXGERFIMWWYIH
 compliance with siting controls in the building regulations 
(for example, distance of set back from the street, avoiding 
vegetation protruding onto public space) 
 appropriate load-bearing capacity of the structure to 
accommodate proposed dead and live loads, determined in  
a structural engineer’s report
 QEREKIQIRXSJ[EXIVTVSS½RKERHHVEMREKIQIEWYVIWXS




 safety of access and emergency egress for building users, 
including stairways, balustrades, number of exits, distance to 
exits, and the provision of ramps for disabled access 
 GSQTPMERGI[MXLIRIVK]IJ½GMIRG]TIVJSVQERGIWXERHEVHW 
for new buildings, including evidence of the contribution 
of the proposed green roof, wall or facade to these 
performance standards
3.6  Planning,  regulations  and  local  laws
-XMWMQTSVXERXXSQEOIWYVIXLEXZIKIXEXMSRMWQEREKIHMRE[E]XLEX
GSQTPMIW[MXLPSGEPPE[W
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Property developers should consider the importance to them of 
building sustainability ratings schemes as they commission a design 
for a green roof, wall or facade. For instance:
 Public buildings can obtain Green	
 Star points for green 
roofs, and other buildings have an indirect way of achieving 
points under the category of ‘land use and ecology’, if the 
installation is designed with native plant species and a focus 
on ecological value
 Under the 2EXMSREP%YWXVEPMER&YMPX)RZMVSRQIRX6EXMRK
Scheme, green roofs, walls and facades may be able to 
contribute to ratings in categories of thermal comfort and 
acoustic comfort
 -RXLIKVIIRFYMPHMRKGIVXM½GEXMSRTVSKVEQ³8LI0MZMRK&YMPHMRK
Challenge’, green roofs, walls and facades may be able to 
GSRXVMFYXIXSFYMPHMRKXLIVQEPTIVJSVQERGIIRIVK]IJ½GMIRG]
and water re-use objectives
 NatHERS (2EXMSR[MHI,SYWI)RIVK]6EXMRK7GLIQI) looks at 
XLIIRIVK]IJ½GMIRG]SJRI[VIWMHIRXMEPHIZIPSTQIRXWERH
green roofs, walls or facades can be designed to improve 
IJ½GMIRG]
Melbourne Water’s online 78361 calculator assesses the 
effectiveness of ‘water sensitive urban design’ (WSUD) treatment 
measures on a site. This tool is often encouraged by planning 
departments of local councils, because Clause 56.07 of the 
Victorian Planning Provisions requires treatment of stormwater in 
all new housing developments. Green roofs, walls and facades have 
the potential to improve 78361 ratings because they retain and/
or slow entry of run-off into the stormwater system, and green 
roofs reduce the area of impervious roof surface. Local councils in 
built-up urban environments are likely to respond more favourably 
to building proposals that show an understanding of their water 
¾S[WSRXSERHSYXSJEWMXIERHLEZIQIEWYVIWXSQEREKIXLIWI
responsibly.





at residential and non-residential developments, respectively. 
These tools can be used in the assessment of developments at 
the planning permit stage as they provide an indication of the 
environmental performance of a given planning application.
Although these Australian tools and rating schemes do not yet 
explicitly include green roofs, walls and facades in their range 
of treatment options or as a stand-alone category for points, 




of international rating schemes that explicitly rate green roofs, 
such as 0IEHIVWLMTMR)RIVK]ERH)RZMVSRQIRXEP(IWMKR0))(®) – 
the green building rating system developed by the United States 
Green Building Council.
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Vegetation choices depend on the purpose and type of the green 
roof, wall or facade. A successful green roof, wall or facade planting 
will be based on robust, reliable species that are known, or likely, 
to tolerate the area’s temperatures, winds and rainfall. Look for 
species that perform well in challenging locations: these may be 
good candidates.
Ensure that species are not prone to pest infestation or disease. 
Avoid species that are an irritant or poisonous, or that are prone 
XSRYXVMIRXHI½GMIRG]SVXS\MGMX]7TIGMIWXLEXEVI[IIH]SVXLEX
have weed potential should be avoided.
Plant selection for green roofs and facades is highly related to 
growing substrate. It is important to consider how deep the 
substrate will be – which, in turn, is determined by the weight 
loading capacity of the roof or facade, and the project budget.  
8LIHITXLSJWYFWXVEXIMR¾YIRGIWXLIWM^ISJTPERXWXLEXGERFI
grown and, to some extent, how much water will be available for 
the plants. Certain types of substrate will hold more or less water. 
See Appendix A for further information on substrate properties 
XLEXMR¾YIRGITPERXKVS[XL
Substrate is not such a constraining factor for green walls, as these 
tend to be engineered to suit the plant species chosen. Epiphytes 
and lithophytes, plants that do not require soil, are often used 
on green walls and can grow to mature sizes.  Even species that 
normally do grow in soil can be grown with no substrate through 
a hydroponic system.  
Plant selection must consider maintenance requirements of 
different plants and their desired appearance; for instance, 
manicured versus natural. Maintenance needs will be determined 
by the preferred look and performance of the end result and a 
willingness to meet the costs involved.
Species that are prone to grazing by possums or damage by birds 
may not be suitable. Select the most robust species possible, in 
keeping with aesthetic and other design aims of the project.
7SYVGMRK4PERXW
 
Plants can be sourced from retail nurseries, grown at home, or 
ordered on contract from wholesale nurseries for large projects. 
Be aware that many retail nurseries do not have experience with 
green roofs, walls and facades, but requesting plants with particular 
characteristics, as outlined on the following pages, should assist. For 
large green roof, wall and facade projects it is important that plant 
orders are placed early – wholesale nurseries prefer three to six 
months notice when hundreds of plants are required. It is impor-
tant to insist that weed free ‘sterile’ growing media is used  
in propagation.
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*MKYVI8LIWYFWXVEXIHITXLSREKVIIRVSSJMR¾YIRGIWXLITPERXX]TIWXLEXGERFIYWIH
Green roofs are hostile sites. The combination of elevated temperatures, wind exposure and high light provide challenging conditions for 
plant growth. Plant selection requires careful consideration of site, microclimate, substrate and maintenance factors, linked to the desired 
aesthetic, functional and management outcomes for the project. 




If a roof is designed to soak up water and remove contaminants in 
the water during storm events, species that use water effectively 
and that accumulate nutrients should be explored. Herbaceous 
or shrubby species, which use more water than succulent species, 
will be more effective plant choices. While it may seem counter-
intuitive to choose plants that have a higher water requirement 
over those requiring less, water may move more effectively from 
its landing on the substrate and back into the atmosphere with 
herbaceous plants as the interface. In addition, higher levels of 
water loss provide greater water movement and increase localised 
cooling of the surrounding environment. 
4PERXWIPIGXMSRJSVEIWXLIXMGW
If aesthetics are important, then select plant species that will 






 rugosa, ornamental Allium species, and native species 
3PIEVMEE\MPPEVMW Planting in layers, with drought tolerant (seasonally 
dormant) species is another approach.  &YPFMRIFYPFSWE7IRIGMS
spathulatus,	
 and other short lived species can be added in with 
perennial species.
4PERXWIPIGXMSRJSVHVSYKLXXSPIVERGI
Plants that come from ecosystems with shallow soils, such as rock 
outcrops, have been shown to both survive extended dry periods 
and make use of the high water available after rainfall and dry out 
the growing substrate. Successful species have also been shown to 
re-sprout after droughts, offering an ‘insurance policy’ if conditions 
are particularly harsh. These species include (MERIPPEVIZSPYXE
7X]TERHVEKPEYGEand%VXLVSTSHMYQQMPPI¾SVYQ
Experience in Melbourne has shown that the succulent species 
Sedum	
 xrubrotinctum and 7IHYQTEGL]TL]PPYQ were able to 
survive extreme dry conditions on the unirrigated shallow substrate 
green roof at the University of Melbourne’s Burnley Campus 
through the summer of 2008-09.  Other species that failed under 
the extreme conditions of 2008-09 but survived the milder 2009-







Substrate can be as 


























Best results in substrate 
deeper than 1 m 
+VIIRVSSJTPERXWIPIGXMSR
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0S[KVS[MRKWYGGYPIRXW
Succulents, particularly colourful sedums, dominate shallow substrate green roofs across 
temperate Europe and North America. Their low growing and/or spreading habits, great 
HVSYKLXXSPIVERGIWIEWSREP¾S[IVWERHGSRXVEWXMRKJSPMEKIGSPSYVWXI\XYVIWERHJSVQW
QEOIXLIQMHIEPGERHMHEXIWJSVKVIIRVSSJW1ER][MPPFIRI½XJVSQWSQIMVVMKEXMSR
particularly during drier months of the year. In projects with no, or minimal, irrigation, 
thicker-leaved succulents are the most suitable. Succulents should be planted at high 
density (up to 16 per square metre) to provide adequate coverage of the growing 
substrate and aid shading across the surface. 
Herbaceous	
 perennials
This category includes a range of non-woody plants, many with persistent roots or 
underground stems (such as rhizomes and stolons, etc.) that enable the plant to regrow 
and persist for many years. The most useful herbaceous perennials for Melbourne green 
roofs are those originating from dryland habitats. Flowering perennials are used mainly 
JSVHMWTPE]ERHWIEWSREPMRXIVIWXERHQER]MRHMKIRSYW¾S[IVMRKTPERXWYWIH[MPPEPWSLEZI
WMKRM½GERXLEFMXEXZEPYIW3VREQIRXEPKVEWWIWERHKVEWWPMOITPERXWIWTIGMEPP]XLSWIJSVQMRK
upright tussocks, provide useful contrasts in texture and form and can be managed through 
pruning to maintain their shape and habit. Some may have high water needs over summer 
ERHPEVKIFMSQEWWJSVQWGSYPHTVIWIRXE½VILE^EVHMRWSQIPSGEXMSRW
Geophytes (bulbs, corms, and tubers) are another group of herbaceous perennials that 
can be extremely useful, particularly for seasonal interest and display. Many of the spring 
ERHEYXYQR¾S[IVMRKKISTL]XIWEVIEPWSWYQQIVHSVQERXQEOMRKXLIQTEVXMGYPEVP]YWIJYP
drought ‘avoiders’ over the warmer months of the year. Larger succulents with upright growth 
habits are also useful for green roofs, although their mass over time can be considerable. 
While many herbaceous perennials can be grown in substrate depths as little as 150 mm, 
irrigation will be needed for long-term success at these depths. Some caution is needed in 








A range of annual and biennial plants can be used successfully on green roofs and tend 
to fall into two distinct groups. Quick growing annuals and ephemerals, particularly those 
originating from dry and arid climates, can be spectacular additions to display plantings, but 
will need irrigation to be sustained for longer periods. Vegetables are the other main group 
of annual plants used on green roofs. These require irrigation and a substrate depth of at 
least 200 mm. Careful plant selection and maintenance is needed to ensure annuals do not 
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8YVJ
7SQIKVIIRVSSJWEVIGSRWXVYGXIHWTIGM½GEPP]XSWYTTSVXWTSVXWXYVJ'EVIJYPWTIGMIW
selection is needed to ensure outcomes can be met: the surface and play requirements  
are much more demanding than for amenity turf. 
Sports turf requires a designed soil or growing medium to ensure effective drainage and a 
substrate depth of at least 250 mm. It also requires regular irrigation, fertilising and mowing 
to maintain sward performance and health. Many facility managers seek expert advice on 
the use of sports turf on green roofs to ensure design outcomes and maintenance can be 
properly resourced and managed. On smaller scale green roofs, species with excessive vigour, 
such as Couch Grass ']RSHSRHEGX]PSR
 and Kikuyu (Pennisetum	




Shrubs to one metre in height are best used in substrate depths of 250 mm or more. 
Small shrubs provide cover, display and habitat values, and often form the bulk of plantings 
used on green roofs with deep substrates. Increasing the substrate depth and irrigation will 
also increase the range of plants that can be used successfully. Excessively vigorous species 
WLSYPHFIEZSMHIHYRPIWWXLIVI[MPPFIWYJ½GMIRXQEMRXIRERGIXSQEREKIXLIMVKVS[XLWSQI
low hedging plants could be in this category. 
Shrubs
Shrubs up to two metres high can be used where substrate depths are at least 600 mm.  
8LI]TVSZMHIWGVIIRMRKWTEGIHI½RMXMSRKVSYRHGSZIVEKIERHWIEWSREP¾S[IVW0MOIER]
plant group, shrubs require careful selection and consideration of their maintenance needs. 
Plants with dense, upright habits should only be used where there is minimal wind exposure 
ERHSVWMKRM½GERXTVSXIGXMSRGERFIEJJSVHIHXSWYTTSVXXLIGERST]ERHTVIZIRX[MRH
forces. Hedges and screening shrubs will require regular maintenance, including pruning 




of 600 mm, depths of 1,000 mm or greater will ensure the best outcomes are achieved. 
Trees are dominant elements in any landscape, and on a green roof trees will generally 
be stunted in height and spread, when compared to those planted at ground level. The 
greater the roof exposure and overall site ‘hostility’, the more important tree selection 
FIGSQIW8VIIW[MXLWTEVWIGERSTMIW¾I\MFPIWXIQWERHLMKLXSPIVERGIXSLIEXEVIFIWXMR
areas of high wind exposure, although some form of anchorage will always be needed to 


























































































































































































































































With a suitable substrate and irrigation, most 
vegetables that can be grown in containers should 
succeed on a green roof


















































































































 species and cultivars
Viburnum	
 tinus
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Depending on the scale of the wall, plantings can range from ground 
covers to larger herbaceous species, shrubs and even small trees.
4PERXWIPIGXMSRWLSYPH½VWXP]GSRWMHIVXLIHIWMVIHSYXGSQIWSJ
the green wall. Certain plants will be better for aesthetic and 
landscape design values, drought tolerance, water purifying, air 
½PXIVMRKSVLEFMXEXTVSZMWMSR-XMWMQTSVXERXXSVIEPMWIXLEXTPERX
growth form, sun and shade exposure as well as wind exposure, 
is notably different on vertical surfaces compared to a roof or 
at ground level. Obtaining specialised advice and visiting existing 
green walls will improve understanding of which species will be 
best suited.
The selection of species will also depend on the climatic conditions 
SRWMXI'SRWMHIVXLIPIZIPSJREXYVEPSVEVXM½GMEPPMKLXEZEMPEFPI
(Be aware that plant selection will require an understanding of 
‘photosynthetically active radiation’, the type of light that a plant 
responds to, rather than simply a measure of how the human eye 
perceives brightness). Select very shade tolerant species to suit the 
lowest light conditions. In highly exposed locations, select robust 
species that can tolerate sun and wind. Look for species that have 
WLEPPS[½FVSYWVSSXW]WXIQWXSTVSQSXIWXVSRKERGLSVEKIMRXLI
limited volume of growing medium available. Recognise that the 
tops, corners and sides of the wall will have greater wind exposure. 
Investigate species that thrive in exposed conditions, such as coastal 
cliffs or inland rocky outcrops. 
Larger plants may grow to shade others, so this must also be 
considered in the placement of species. External green walls are 
often exposed to strong and frequent wind. Vigorous growth 
increases maintenance requirements and slow growing plants 
are often preferred. However, vigorous species can be used to 
create protected niches for the inclusion of sensitive species in 
high exposure areas. This can help provide light or shade for other 
species, wind protection or humidity conservation. Consideration 
of where each species will be placed in relation to others (the 
EVVE]SJTPERXW
LIPTWHIZIPSTE[SVOMRKEVXM½GMEPIGSPSK]SRXLI
wall. Understanding how the ecology will morph as the plants 
mature is important, as niches will evolve beneath, next to and 
above certain species. 
Plant selection must be matched to the particular green wall system 
and technology that is being installed. Not all species will grow 
well in each system. Some systems might cater well for terrestrial 
plant species (and need an appropriate growing substrate); others 
have an irrigation/fertigation or growing media system that favours 
epiphytic/lithophytic species (plants that do not require soil for 
growing and can exist on branches or rock surfaces). 
Water requirements can be minimised by selecting species that 
are low water users. Recognise that more water may be available 
toward the base of a green wall system, so species should be 
selected and positioned on the wall with moisture gradients in 
mind. If the system recycles water, species selection may have to 












Philodendron ‘Winterbourn’ and 
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4PERXWIPIGXMSRJSVKVIIRJEGEHIWMWWXVSRKP]MR¾YIRGIHF]XLIQSHI
or method of climbing plant attachment. Most climbing plants 
attach themselves to a surface or structure in one of two ways 
(see Figure 16):
 Self-clinging – attachment through adhesive suckers, disks 
or adventitious roots. These climbers then form a self-
supporting vegetation layer on a solid wall or surface.
 Twining	
 and	
 tendrils – attachment by twining stems or by 
LSSOMRKERHGPEWTMRKXIRHVMPWQSHM½IHPIEJWXIQSVKERW

These climbers require a specialised support system and  
can produce both upward and cascading (or trailing) stems.
Another group of climbing plants have a scrambling habit and 
are known as scandent shrubs. These have no direct means of 
attachment and need to be tied and managed onto the structure 




Self-clinging climbers create green facades that can provide effective 
and long-term cover but may not be suited for buildings where 
the surface fabric is in poor repair. Many self-clinging climbers 
will mark a wall surface through their attachment, however this 
is rarely seen because of the foliage cover. Excessively vigorous 
species such as Common Ivy (,IHIVELIPM\) should be avoided 
and regular pruning will always be necessary to maintain suitable 
plant growth, form and size.
Twining climbers require a support system, such as cable or trellis, 
to support their growth habit. These supports may be attached 
to the building, or mounted independently. Plant selection needs 
to consider the available space for plant growth as the distance 
between the wall and the support structure will impact on plant 
performance and climate control. 
'PMQEXMGJEGXSVW
Species tolerant of low light are required for deeply shaded urban 
‘canyons’ while high light tolerance is needed in exposed and 
elevated settings. Generally, direct sunlight is considered to be four 
hours of sun per day and most species will require at least some 
direct sunlight to grow. 
Facades can be established in areas of full shade, but the range 
of species that will grow in these conditions is limited. Facades 
at high elevation, in coastal areas or urban street canyons can be 
exposed to strong and frequent wind. Some plant species, twining 
climbers in particular, are more tolerant of wind and more mature 
plants tend to be more resilient in these environments. Self-
clinging facades may be pulled away from the wall in very windy 
conditions. Small-leafed species with strongly attached foliage may 
be more suitable on sites prone to strong blasts of wind: large 
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0SRKXIVQQEMRXIRERGI
The plant’s lifecycle and growth rate will affect the time it takes for 
the facade to establish and the amount of ongoing maintenance 
required. Consider the mature size of the species as well as the 
level of foliage coverage required. Many climbing species exhibit  
early rapid growth but slower mature growth rates. Some green  
facade plants, such as Creeping Fig (*MGYWTYQMPE), require rejuvenation 
pruning to ensure juvenile foliage is maintained. With this species, 
adult foliage grows horizontally, does not attach directly to the 
building and creates a deeper, denser canopy of woody stems. 
While this may provide effective shading and create an insulating 
layer of air between the foliage and the building, it is inherently 
unstable because this canopy is not directly attached to the building. 
Woody climbers need careful selection as maintenance needs often 
increase over time, as stems grow larger and thicker and the plant 
increases in size: for example, ;MWXIVMEWMRIRWMW and Vitis	
 vinifera.
Climbing plant species ideal for screening will have multiple 
features including:
 retention of lower foliage
 high shoot density
 pendulous leading shoots
 tolerance of and recovery from severe pruning 
(rejuvenation)
 longevity
 reliable growth rate
These features contribute to the production of consistent and 
uniform vegetative cover. 
In their natural habitat, many climbing plants grow upwards 
towards the light, by twining or scrambling, and over time, they 
lose foliage cover at their base. Such species may be unsuitable as 
screening plants in the long term, if they do not respond to hard 
(rejuvenation) pruning to encourage new basal shoots, such as 
4ERHSVIENEWQMRSMHIW (Bower Vine). 
The following table indicates some common climbing plants used 
in Victoria, how they attach, their ability to cover an area of facade 
– how well they screen (high to low cover) and how fast they 
grow (this indicates how much maintenance they require) – and 
their light tolerance. Average in the table indicates that they are 
not known to be particularly needy of high light nor particularly 
tolerant of low light. Note that the mature size will be affected by 








 Twining Medium cover and growth rate Average
Aphanopetalum	
 resinosum Twining Medium cover and growth rate Average
Cissus	
 antarctica Tendril High cover and growth rate Tolerates low light
Clematis	
 aristata Twining Medium cover and growth rate Tolerates low light
Clematis	
 armandii Twining Low cover and growth rate Average
Clematis	
 montana* Twining Low cover and growth rate Average
Distichtus	
 buccinatoria Tendril High cover and medium growth rate Requires high light
Ficus	
 pumila Self-clinger High cover and medium growth rate Requires high light
Hibbertia	
 scandens Twining Medium cover and growth rate Requires high light
Muehlenbeckia	
 complexa Twining High cover and growth rate Average
Kennedia	
 rubicunda Twining Medium cover and high growth rate Requires high light
Pandorea	
 pandorana Twining High cover and growth rate Average
4ERHSVIENEWQMRSMHIW Twining Medium cover and growth rate Average
Parthenocissus	
 quinquefolia* Self-clinger High cover and medium growth rate Average
Parthenocissus	
 tricuspidata* Self-clinger High cover and growth rate Requires high light
Podranea	
 ricasoliana Scandent shrub High cover and growth rate Requires high light
:MXMWZMRMJIVE Tendril Medium cover and growth rate Requires high light
8VEGLIPSWTIVQYQNEWQMRSMHIW Twining High cover and medium growth rate Average
Wisteria	
 sinensis Twining Low cover and high growth rate Requires high light
*deciduous
8EFPI7YMXEFPITPERXWJSVKVIIRJEGEHIWMR:MGXSVME
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3.9  Designing  for  plant  establishment
Good plant establishment is critical for the long-term health and performance of plantings in green roofs, walls and facades. In the design 
stage this includes consideration of multiple factors, including:




















Stock that is too advanced or has overgrown its containers has high water 
needs and can be slow to establish on a site. Planting stock should be of an 
appropriate size to achieve the aims of the project, in terms of growth rate 
and coverage. It should also be completely free of weeds, pests and disease. 
In most situations planting is best completed between autumn and early 
spring. This will assist plant establishment and growth, well before the 
warmer and drier conditions of summer.
During establishment, weeds will compete vigorously with designed plantings 
on a green roof, wall or facade.  Weeds must be controlled until the plantings 
achieve the desired growth rates and/or coverage.
Allowance should be made for suitable irrigation, usually for a minimum of 
six months, to avoid moisture stress and to promote plant growth across 
the site.
-RWSQIGEWIWYWMRKEQIHMYQ[MXLWMQMPEVTL]WMGEPTVSTIVXMIWXSXLI½REP



























































4.  BUILDING  &  
INSTALLATION  
GENERAL  ADVICE
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4.1  Occupational  Health  and  Safety
As for all construction work, the construction (and maintenance) of green roofs, walls and facades is subject to the Victorian 
3GGYTEXMSREP,IEPXLERH7EJIX]%GX This Act governs all Victorian OH&S laws and codes of practice and sets out the key principles, 

















Guidance materials available from WorkSafe Victoria inform 
duty holders on how to comply with Victorian OH&S legislation. 
Consultants can also provide advice on ensuring OH&S 
requirements are met.
Note that National Workplace Health and Safety codes and 
guidance materials have no legal status in Victoria.
,MKLVMWOGSRWXVYGXMSR[SVO
Some construction projects involve high-risk construction work 
and additional regulations govern management and procedures in 
such cases. High-risk construction work is of particular relevance 
to the design, construction and installation of green roofs, walls 
and facades as it is likely to involve work:
 where there is a risk of a person falling more than two metres
 on or near electrical installations or services, for example, the 
possibility of drilling into a wall containing live electrical wiring 
 at a workplace where there is any movement of powered 
mobile plant, for example, working in an area of a 
construction site with moving skid steer loaders, telehandlers, 





As on any building site, the materials used to construct a green 
roof, wall or facade should be delivered in a timely way to 
meet construction schedules. Consideration must be given to 
where materials will be unloaded and stored and how they will 
be moved to and from site. Secure storage and safe handling 
of materials on-site may be needed. For safety reasons, a roof 
must not be used for materials storage when a green roof is 
being constructed, as it is a building site and must be managed 
for weight, access, security of materials and safe movement of 
personnel. 
;SVOMRKEXLIMKLXW
The design and installation of all green roofs – and many green 
walls and facades – involves work at heights. The associated risks 
and responsibilities must be managed through a combination 
of training and safety features on the site including the use of 
barricades, railings, or other fall arrest systems, such as ropes and 
harnesses.
Consult the WorkSafe Victoria Compliance Code ‘Preventing Falls 
MR+IRIVEP'SRWXVYGXMSR ´[MXLVIKEVHXSWTIGM½G3,
7MWWYIW
associated with working at heights and management solutions. 
Wherever possible, the risks and hazards of working at heights 
should be removed or reduced and the design team must 
consider these as part of project planning.
7EJIX]MR(IWMKRPIKMWPEXMSR
A Safety in Design risk assessment or workshop should be 
undertaken with the design and construction team/s to identify 
risks and determine the actions necessary to remove or reduce 
the likelihood of occurrence and severity of these risks.
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4.2  Insurance  and  system  warranties
4.3  Project  completion
The scale, complexity and overall cost of a green roof, wall or 
facade will determine whether insurance and warranties are 
relevant. Almost all professionally-installed projects will include 
them; smaller, DIY projects may not.
9RXMPXLIPSGEPMRHYWXV]MWJYVXLIVHIZIPSTIHMXQE]FIFIRI½GMEP
to consider insurance companies with a global reach that 
gives them relevant understanding and experience. Commercial 
MRWYVIV*1+PSFEPTVSZMHIWYWIJYPWTIGM½GEXMSRWJSVKVIIRVSSJ
design, installation and maintenance that can be used as a risk 
management tool during design and planning.
The warranty for a green roof, wall or facade will be straightforward 
if an established installation company, or a contractor licensed by that 
company, installs a proprietary system. Under these circumstances, 
the parent company should provide a warranty against failure of 
any or all of the components. Custom-built green roofs, walls or 
facades, with mix-and-match components, or multiple providers, 
may not be as straightforward to warrant or insure.
;EXIVTVSS½RKMWQSVIPMOIP]XSFI[EVVERXIHWITEVEXIP]MJMXMW
installed by a third party. However, the company supplying and/
SVMRWXEPPMRKXLI[EXIVTVSS½RKQE]RSXXEOIVIWTSRWMFMPMX]JSV
FVIEGLIWSJXLIQIQFVERIXLEXSGGYVEJXIVMXMWGIVXM½IHEW
watertight, if they have no ongoing involvement with the project. 
Ensure there is clarity around the warranty conditions. 
The client usually has the option to negotiate a defects liability 
period with the contractor. The contractor will be responsible for 
repair of defects that appear within an agreed period of time after 
project completion and may have responsibility for defective work 
beyond the product warranty period. Warranties may be waived if 
a DIY approach is undertaken with the product. 
Contractors and sub-contractors must provide necessary 
GIVXM½GEXMSRWEXXLIGSQTPIXMSRSJXLIMV[SVO%XLERHSZIVXLI




 drawing showing ‘as built’ planting (the actual planting may 






inspector/local council – this will relate mainly to safety and 
access requirements, including step heights and access points
Operational manuals must be handed over to the owners and/
or contractors who will be engaged in operation or maintenance 
of the site. This must include the setting of an agreed time for any 
initial or ongoing training in the operation of systems installed on 
the site. Provision of funds for such training should be included as 
a contingency item in the budget during the design phase.
Maintenance or operational manuals may include:
 a planting maintenance plan
 an irrigation operations manual
 schedules for cyclical maintenance
Maintenance is discussed in more detail in Chapter 8.  

























5.  BUILDING  &  
INSTALLATION  
GREEN  ROOFS
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Green roofs are built up as a series of layers, with each performing 
EWTIGM½GJYRGXMSR8LIQSWXX]TMGEPFYMPHYTMWWLS[RFIPS[ERH
includes:
 the roof structure (roof deck)
 [EXIVTVSS½RKPE]IV
 protection layers (including the option of a protection mat 





The role of each of these components is outlined in the 
following pages. This chapter also covers other elements that 
may be incorporated into a green roof system, or are relevant to 
construction of a green roof, such as:
 leak detection systems 
 thermal insulation
 irrigation
 greening in windy environments or on a pitched roof
 hard landscaping elements
Specialists in green roof design and installation can provide 
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5.1  Roof  deck  
Green roofs can be installed on roofs made of concrete, timber, 
sheet metal (usually clip-lock, or corrugated galvanised steel) and 
EVERKISJSXLIVQEXIVMEPW,S[IZIVMXQE]FIHMJ½GYPXXSSFXEMR
insurance for green roofs installed on roof decks made from 
materials other than structural concrete or metal. Green roofs 
are most commonly installed on concrete roof decks because of 
structural integrity, ease of design, durability and amenity when 
complete. See Chapter 5.12 Slopes and wind protection for 
WTIGM½GGSRWMHIVEXMSRWVIPEXMRKXSTMXGLIHVSSJW
Greening a tiled roof requires special treatment. A green roof 
cannot be installed directly on a tiled roof. If the building has 
adequate load capacity, or if structural reinforcement and a support 
system can be incorporated into the design, a green roof may be 
constructed as a self-contained waterproof module that sits above 
the existing roof. Drainage from the green roof must connect 
directly into the lower level roof drainage system. It may be more 
economical to replace the roof to make it suitable for a green roof.
The components installed on the roof deck will be either loose-
laid over the roof surface or installed as modules that connect 
together to form a continuous effect. Individual containers that  
are separately placed on a roof deck are considered a roof garden 
VEXLIVXLEREKVIIRVSSJERHFIGEYWIXLI]HSRSXGSZIVEWMKRM½GERX
TVSTSVXMSRSJXLIVSSJXLI]HSRSXTVSZMHIQSWXSJXLIFIRI½XW
associated with green roofs.
It may be necessary to remove or relocate existing infrastructure 
on roof decks, or the green roof can be built around the equipment.
6SSJHIGOWGERFI¾EXSVTMXGLIHERHXLI]EVIGSQQSRP]QEHISJQIXEPSVGSRGVIXI
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5.2  Waterproofing
A watertight roof is critical to successful green roof construction. 
While some roofs are intrinsically waterproof when built, most 
will require some form of treatment to prevent water entry into 
XLIFYMPHMRK;EXIVTVSS½RKXVIEXQIRXQYWXTVSZMHIEWXVSRKFYX
¾I\MFPIPE]IVXLEXEPPS[WI\TERWMSRYRHIVTL]WMGEPSVXLIVQEP
movements of the building structure, without compromising 
watertightness. Vegetation generally should not be installed over 




treatment for the roof structure and the proposed green roof 
HIWMKR8LIQERYJEGXYVMRKERHMRWXEPPEXMSRSJ[EXIVTVSS½RK
membranes should comply with Australian Standards (see 
Chapter 6.2 for more information).
-R%YWXVEPME[EXIVTVSS½RKMWPMOIP]XSFIMRWXEPPIHF]EXLMVHTEVX]
[EXIVTVSS½RKGSRXVEGXSV8LIMRZSPZIQIRXSJERMRHITIRHIRX
contractor means that a clear agreement between all parties 
QYWXFIIWXEFPMWLIHJSVVIWTSRWMFMPMX]SJXLI[EXIVTVSS½RK
QIQFVERISRGIMXLEWFIIRMRWXEPPIHERHGIVXM½IHEW[EXIVXMKLX
An independent leak detection specialist should test the 
[EXIVTVSS½RKEJXIVMXWMRWXEPPEXMSRERHEKEMREJXIVXLIKVIIRVSSJ
build-up is installed, prior to handover (see also Chapter 4.3).
The following tables contrast the two major types of 
[EXIVTVSS½RK¯PMUYMHETTPMIHXVIEXQIRXWERHTVIJSVQIHWLIIXW
 Liquid applied treatments can be composed of bitumen 
IQYPWMSRWQSHM½IHFMXYQIRTSP]QIVGIQIRXW]WXIQW
TSP]YVIXLERITSP]YVIXLERIQSHM½IHEGV]PMGEGV]PMGSVX[S
part polyurethane hybrid elastomers that require mixing 
prior to application. 
 Preformed sheets are asphalt-based or comprised of 
thermosetting polymers or thermoplastic polymers.
4VIJSVQIH[EXIVTVSS½RKQE]WYMXKVIIRVSSJW[MXLKIRXPIWPSTIW
ERHPEVKIYRMRXIVVYTXIHEVIEW%KVIIRVSSJ[MXLQER]½\MRKW
onto the roof deck or penetrations, such as for lighting, power or 
ZIRXMPEXMSRQE]FIQSVIWYMXIHXSPMUYMHETTPMIH[EXIVTVSS½RK
that is sprayed on or rolled on to form a cohesive single layer.
;EXIVTVSS½RKQIQFVERIWQYWXFITVSXIGXIHJVSQTL]WMGEP
and chemical damage. This includes cuts and tears, the action of 
invasive roots and rhizomes, and exposure to the elements. All 
membranes will become brittle over time, and this is accelerated 
by exposure to cold, heat and UV rays from sunlight. A green 
VSSJ[MPPWLMIPHXLIQIQFVERIJVSQHEQEKIERHGERWMKRM½GERXP]
lengthen its life. Some preformed membranes have a surface 
coating that provides additional protection. 
)RWYVIXLEXXLI[EXIVTVSS½RKQEXIVMEPMWGIVXM½IHVSSXVIWMWXERX
suitable for the substrate, and installed by experienced, trained and 
GIVXM½IHTVSJIWWMSREPW
6SSXVIWMWXERGIQE]FIFYMPXMRXS[EXIVTVSS½RKQIQFVERIW
either by the addition of root-inhibiting chemical treatments, 
or because the composition of the membrane provides an 
MQTIRIXVEFPIFEVVMIVXSVSSXKVS[XL6SSXVIWMWXERX[EXIVTVSS½RK
MWUYMGOIVXSMRWXEPPXLERWITEVEXI[EXIVTVSS½RKERHVSSXFEVVMIV
layers, but can be more costly. Examples include certain types of 

















 Loose-laid membranes quick to install 
compared to bonded.
 Fully bonded more resistant to wind 
uplift than partly bonded.
 Fully bonded recommended by some 
green roof installers and lower risk of 
uplift makes insurance easier to obtain
 Easier to locate leaks with precision 
with fully bonded membranes.
 More resistant to wind uplift than 
loose-laid.
 Loose-laid not recommended if high 
risk of wind uplift 
 Soft structure means membranes 
EVIYWYEPP]RSXXVEJ½GEFPI9:
resistant or root-resistant.
 Prone to failure and root 
penetration along seams due to 
softness of composition
 Installation requires a high degree of 
skill to ensure high quality detailing 
of seams and around upstands1.
 Become brittle over time through 
exposure to sunlight, heat and cold.
Thermo-plastic Fully bonded
 UV stable and weatherproof
 Seams can be welded with heat or 
solvent3; or heat only4 
 Bonding of membrane to the roof with 
heat, solvent, water-based  adhesive, or 
tape reduces risk of wind uplift 
 PVC membranes are breathable, and 
well suited for bonding to the roof 
deck with glue or tape adhesives
 4:'XLIVQSTPEWXMGTSP]SPI½RIXL]PIRI
vinyl acetate and ethylene butyl acrylate 
QIQFVERIWEVIPMOIP]XSFIGPEWWM½IH
as root resistant: check manufacturer’s 
WTIGM½GEXMSRW
 Mechanical fastening to the roof deck 
may be suitable for some applications
 With classes of membrane other 
than PVC, condensation of moisture 
may soften glue or adhesive tapes 
used to attach membrane to the 
roof deck, increasing risk of wind 
uplift
Thermo-setting Fully bonded
 Ethylene propylene diene monomer 
(EPDM) and Butanoyl® membranes 
EVIPMOIP]XSFIGPEWWM½IHEWVSSX
resistant: check manufacturer’s 
WTIGM½GEXMSRW
 UV stable and weatherproof: long lifespan
 Bonding with glue or adhesive tape 
reduces risk of wind uplift
 Condensation of moisture may 
soften glue or adhesive tapes used to 
FSRH[EXIVTVSS½RKXSXLIVSSJHIGO
 Carbon content of EPDM/Butynol® 
membranes makes them intrinsically 
electrically conductive and therefore 










4 Thermoplastic polymers composed of ketone ethylene ester.
0MUYMHETTPMIH[EXIVTVSS½RKXVIEXQIRXW
Suitability Advantages Disadvantages
Complex designs with 
many upstands1, corners 
or curves
Roofs where access  




 Flexible and capable of elongation
 Easy to apply
 Tolerant of some degree of surface 
imperfection
 Easily repaired by re-application over 
breaches
 Bonded to the roof
 Pin-holes may develop on poorly prepared 
roof surfaces2
 Solvent-based treatments become brittle 
over time and with exposure to sunlight and 
high temperatures
 Root resistance
 Not easy to ensure uniformity of thickness 
 Not recommended for use in permanently 
wet conditions, as  
they absorb moisture and soften over time
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Root	
 barrier
Root barriers are often used in green roofs to provide some 
TVSXIGXMSRXSXLI[EXIVTVSS½RKJVSQMRZEWMZIWXSPSRWVLM^SQIW
and from woody roots from trees and shrubs. The most common 
root barriers used are thin polyethylene sheets, laid over the 
[EXIVTVSS½RKQIQFVERI8LIWIQE]RSXFIVIUYMVIHMJXLI
[EXIVTVSSJQIQFVERIMWGIVXM½IHEWVSSXVIWMWXERX8LMGOIV
welded root barriers will be needed for green roofs involving 
trees, bamboo or other vigorous, spreading grasses.
It is important to check the compatibility of the product with 
bitumen and polystyrene, especially where there is direct contact 
[MXLEFMXYQIRFEWIH[EXIVTVSS½RKSVTSP]WX]VIRIMRWYPEXMSR8LI
root barrier must also be resistant to the humic acids produced 
when plants decompose.
Separation sheets are sometimes installed between the 
[EXIVTVSS½RKERHVSSXFEVVMIVXSTVSZMHIEHHMXMSREPTVSXIGXMSR




Protection mats or boards are used to protect the waterproof 
membrane from damage following installation. The most common 
materials used are water-permeable, hard wearing and dense 
W]RXLIXMG½FVIWTSP]IWXIVERHTSP]TVST]PIRI
4VSXIGXMSRQEXXMRKMWMRWXEPPIHHMVIGXP]SRXLI[EXIVTVSS½RKPE]IV
(for root-resistant membranes) or atop the installed root barrier 
PE]IVTVSZMHMRKJYVXLIVYRGIVXM½IH
TVSXIGXMSREKEMRWXVSSX
penetration and doubling as a separation sheet. The protection 
matting may provide some noise-absorbing capability. It can add 
to water retention on the roof, although the amount varies (from 
3 l/m2 to 12 l/ m2) and is only really useful on slopes below 15 
HIKVIIW%VERKISJHMJJIVIRXTVSHYGXWEVIEZEMPEFPIVI¾IGXMRK
the required functions, and apart from the material itself vary 
EGGSVHMRKXSXLMGORIWWQQXSQQ
½FVIHIRWMX]ERHQEWW
(320 g/m2 to 1500 g/m2). 
Protection mat sheeting should be installed with overlaps of 100 
mm and some products have rubber backing that requires gluing 
MRWMXY8LITVSHYGXWLSYPHI\XIRHQQEFSZIXLI½RMWLIH
surface of all upstands (such as vent pipes, chimneys and other 
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Good drainage is critical for green roofs and ensures that large 
amounts of water are not retained on the roof, compromising 
both the structural integrity of the building and plant health 
through waterlogging and oxygen-depleted substrates. Sub-surface 
VYRSJJQYWXHVEMRIJ½GMIRXP]JVSQXLIWYFWXVEXIMRXSXLIHVEMREKI
layer, off the roof surface, and into drains to the stormwater or 
rainwater collection. The growing substrate must be kept separate 
JVSQXLIHVEMREKIPE]IV[MXLE½PXIVWLIIX
Older green roofs often used a permeable layer of rock aggregate 
(such as scoria or gravel) for drainage. The clay and silt content 
of materials used in a rock aggregate drainage layer should be 
õ10 per cent by mass. The rock aggregate should also have a 
suitable pH and be low in soluble salts to ensure plant growth is 
not adversely affected. This form of drainage is heavy and does 
not allow for air pruning of roots, which is now achieved with 
plastic drainage cells. However, in some situations, rock aggregate 
HVEMREKIHSIWEFIXXIVNSFGSRXVSPPMRKTIEO¾S[
On modern, lightweight, green roofs, plastic drainage sheets 
or boards are the preferred drainage materials. Plastic drainage 
layers may be rigid, open mesh structures that allow unrestricted 
drainage of water, or they may have a cup-style, ‘egg carton’ design 
XLEXIREFPIW[EXIVXSFIWXSVIHEXXLIFEWISJXLITVS½PIWII
image below). The advantage of the latter is that water can be 
stored and used later by the plant. The volume of water that can 
be stored varies with each product and the size and packing 
density of the cells.
Drainage is installed as a continuous layer over the entire surface 
of the green roof.  Cup-style drainage sheets should be overlapped 
to eliminate the possibility of gaps being created between sheets.  
Other plastic drainage types should have adjacent sheets butted 
XSKIXLIV:IV]VMKMHHVEMREKIPE]IVWWLSYPHFIMRWXEPPIHMRXVEJ½GEFPI

























wash-through of the substrate particles into the underlying layers, 
and to prevent clogging of holes in the drainage layer. Filter fabric 




 substrate type – if components of the substrate have sharp 
IHKIWXLI½PXIVWLIIXWLSYPHFIWXVSRK
 ZIKIXEXMSRX]TI¯XLI½PXIVWLIIXQYWXEPPS[TIRIXVEXMSRSJ
roots, and certain roots will be more or less aggressive (for 
example, herbs versus trees roots)
8LI½PXIVWLIIXGERFIIMXLIVE[SZIRSVRSR[SZIRQEXIVMEP 
A non-woven material is preferable as it is more resistant to root 
penetration and can sometimes be used as a root barrier system. 
8LI½PXIVWLIIXMWRSX[IEXLIVTVSSJERHWLSYPHRSXFII\TSWIH
to sunlight for any length of time, and it should therefore be laid 
immediately prior to the installation of growing substrate. At 
FSYRHEVMIWSVIHKIWSJTPERXMRKFIHWXLI½PXIVWLIIXWLSYPHFI
installed with upturns to at least the same height as the top of the 
growing substrate (see image below).
5.4  Drainage  layer 5.5  Filter  sheet
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The growing substrate supplies water and nutrients to plant roots, 
ensures gas exchange at the roots and provides anchorage to 
support plants. 
Growing substrates for green roofs are typically composed of 
a mix of inorganic (mineral) and organic components. They can 
include scoria, ash, pumice, sand, coir, pine bark, porous, chemically 
inert foams and even recycled materials such as crushed bricks, 
and roof tiles. Organic matter is usually kept to a low proportion 
(typically 20 per cent or less) because it has a relatively short 
lifespan, degrading and slumping over time, and may become 
[EXIVVITIPPIRXERHHMJ½GYPXXSVI[IXMJMXHVMIWSYX8LITL]WMGEP
and chemical properties of the substrate mix, together with 
MXWHITXLERHXSXEPZSPYQIMR¾YIRGIW[LEXZIKIXEXMSRGERFI
supported on the green roof. 
A substrate should:
 have a known saturated weight loading, that forms part of 
the structural load capacity of the roof; this is referred to as 
the saturated bulk density
 drain freely, to reduce waterlogging and prevent inundation 
during heavy rain, but also retain adequate water to sustain 
plant growth outside of heavy rain events
 be stable over time, usually achieved by using a high 
proportion of mineral components and a lower proportion 
of organic components. 
Soil is generally not used on green roofs, as its properties will 
be less well known compared to an engineered substrate, and 
therefore its longevity and suitability is harder to judge. Also, 
WMPXTEVXMGPIWJVSQWSMPGERGPSK½PXIVWLIIXWERHGEYWIHVEMREKI
problems.
Installers of green roof systems will be able to arrange the supply 
of a suitable substrate mix. Appendix A provides more information 
on substrate characteristics.
Transport and installation of growing substrates requires 
consideration in the pre-construction planning process. Most can 
be installed by either lifting bulker bags by crane or ‘blowing’ from 
a truck-mounted hopper, although each project will have its own 
WTIGM½GGSRWMHIVEXMSRW7IIXLI7YFWXVEXI-RWXEPPEXMSRFS\JSPPS[MRK
for more on installation.
A range of mineral and sheet mulches can be used successfully 
on green roofs but need to be considered carefully. Organic 
QYPGLIWTEVXMGYPEVP]½RIQEXIVMEPWEVIKIRIVEPP]YRWYMXEFPIJSVYWI
on green roofs as they can be easily blown off the roof, degrade 
VETMHP]FPSGOHVEMRWSVGVIEXIE½VIVMWOMRLSXHV]GSRHMXMSRW
The saturated bulk density of any proposed mulch layer must 














On large green roof projects, growing substrates can 
be installed by crane or by ‘blower’. Substrate may be 
delivered in multiple bulker bags, typically of one cubic 
metre capacity, although a larger crane lifting bags of 
greater volume may be possible if site access permits. Care 
must be exercised in point loading of substrate on to the 
roof and movement across the roof (see Chapter 4.1). 
‘Blowing’ a substrate involves the use of a compressor 
pump and hose to blow the substrate up to the roof. 
Sometimes substrates that are ‘blown’ onto a roof 
[MPPLEZIEPXIVIHTVSTIVXMIWHYIXS½RIVTEVXMGPIW
aggregating during the process) and may need re-mixing 
on the roof to ensure success.
Growing substrate should be delivered before the day 
it is to be installed and stored as closely as possible 
to the crane, with clear access for the forklift or other 
machinery that will transport it to the crane lifting point. 
Growing substrates should be installed with minimal 
LERHPMRKERHFI³QSMWX ´XSVIHYGIXLIVIPIEWISJ½RI
particles into the air. Appropriate personal protective 
IUYMTQIRXWLSYPHFI[SVRKPSZIWHYWX½PXIVQEWOW
safety glasses and hardhat.
A range of planting stock can be used for green roofs, 
including seed, cuttings, seedlings, tubestock and larger 
containerised plants. See Chapter 3 for information on 
species selection.
Planting is best completed in autumn and winter to assist 
plant establishment before summer. Irrigation should be 
provided while the plants establish. Depending on the 
time of year and rainfall, establishment irrigation could be 
required for up to six months.
It is helpful to acquire container-grown nursery plants that 
have been grown in the substrate they are to be planted 
into; otherwise, reduce the amount of potting mix held 
around the roots when transplanting into the green roof.
Controlled release fertiliser (CRF) can be added to 
the growing substrate or applied after planting is 
completed (top dressing). Careful consideration of rates 
and application methods is needed to ensure proper 
distribution and to limit any rapid discharge of nutrients 
(more information on plant nutrition is provided in 
Chapter 8).
Trees planted on green roofs will require a deep substrate 
as well as anchorage to prevent wind-throw. Various 
anchorage systems are available as illustrated in Figure 19. 
Tree bracings must be checked regularly to ensure they 
EVIJYRGXMSRMRKEWWTIGM½IHERHRSXGEYWMRKHEQEKIXS
the tree. Trees will require construction of a tree ‘pit’ in the 
substrate to house the tree roots: this needs to be deep 
and wide enough for lateral root growth to ensure tree 




Plants can be sourced from retail nurseries or grown 
at home for small projects. Generally, plants for larger 
projects will be grown to a contract with a wholesale 
nursery. Contract growing lead times may range from 
several months to more than a year, depending on 
the type of vegetation that is required. The growing 
contract will specify a date for completion and delivery 
of plants. It should outline the terms and conditions of a 
further holding period, for instance, if the planting date is 
postponed because of delays in construction. Ensure plants 
purchased are weed and pest free – look for nurseries 
with good hygiene. If in doubt, remove the top centimetre 
of growing medium to reduce the weed seed bank.
5.7  Vegetation























In some cases, a green roof may include thermal insulation, 
typically a layer of extruded polystyrene. While this can 
be positioned below the roof deck, installation above the 
[EXIVTVSS½RKORS[REWERMRZIVXIHKVIIRVSSJ
MWTVIJIVVIH
as it further protects the membrane from condensation and 
physical damage. Advice should be sought from a building 
energy consultant to establish the value of additional insulation, 
considering the insulating properties of the green roof assembly, 
substrate and vegetation. Research has been conducted into green 
roof insulation values in Adelaide and can be found at the &YMPHMRK
-RRSZEXMSR*YRH website of the South Australian Government. 
5.8  Thermal  insulation








The repair of leaks presents a greater challenge once the 
growing substrate and vegetation are installed. However, 
EFVM® leak detection should be performed at this time 
(project completion). It may also be carried out prior to  








Is suitable for electrically conductive and electrically grounded roof decks such 
as steel and reinforced concrete roofs. EFVM® can be used on wooden roofs or 
precast concrete slab roofs if a conductive layer of metal foil or mesh is applied 
XSXLIVSSJHIGOFIJSVIXLI[EXIVTVSS½RKPE]IVMWMRWXEPPIH8LIHIGMWMSRXSYWI
EFVM® must therefore be made at the design stage.
-WWYMXEFPISRP]JSV¾EXVSSJW[MXLWPSTIWSJYTXSTIVGIRX*PSSHXIWXMRK
MRZSPZIWXIQTSVEVMP]FPSGOMRKXLIVSSJHVEMRWERH¾SSHMRKXLIVSSJQIQFVERI
with a known depth of water for a set period of time. The weight loading of the 
roof must be checked against the weight of water that will sit on the roof during 
the test. This ensures that the structural integrity of the building  
is not compromised.
-WYWIHJSVTVIJSVQIH[EXIVTVSS½RKQIQFVERIW8LIQIQFVERIMWTIVJSVEXIH
at the lowest parts of the roof deck to check for the presence of any water 
FIRIEXLXLIQIQFVERI8LITIRIXVEXMSRWQEHIXLVSYKLXLI[EXIVTVSS½RKQYWX
then be repaired to restore the membrane’s integrity. Destructive testing may 
be the only method that can be used on older existing green roofs. For new 
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An irrigation system is highly advisable on green roofs: to extend 
plant species selection options, to improve plant growth rates and 
increase long-term vegetation success – thereby ensuring aesthetic 
and environmental (such as building cooling, stormwater reduction) 
outcomes can be achieved. Planning for irrigation on a green roof 
should consider the site layout and conditions (access, exposure), 
type of plants, climate and water supply issues (pressure, quality, 
etc.). Substrate properties and depth are also important as they  
MR¾YIRGI[EXIVMR½PXVEXMSRLSPHMRKGETEGMX]ERHHVEMREKI-RQSWX 
GEWIWMVVMKEXMSRHIWMKR[MPPFILIEZMP]MR¾YIRGIHF]XLIREXYVISJ 
the water supply resource (for example, harvested vs. potable water) 
and a water budget should be used to guide not just irrigation but 
also plant selection (see Chapter 3). In larger green roof projects, 
irrigation is best undertaken by a specialist consultant to guide 
system design, component selection, installation and maintenance. 




If an automatic irrigation system is to be installed on a green roof, 
consider a system that incorporates a rain sensor that shuts off 
the system in the event of rainfall above a certain threshold. This 
removes the risk that the roof loading may be compromised if the 
irrigation system is running during a heavy downpour. Even automatic 
systems require regular physical checks and operation tests. 
Low	
 irrigation 
It is important to understand that, while some succulent species 
can survive on rainfall alone, plants that experience moisture stress 
will decline over time. This leads to a loss of vigour, leaf shedding, 
canopy reductions and ultimately plant death. Plant failure means 
more water run-off from the roof, less transpirational cooling 
and more opportunities for weed invasion. As such, irrigation is 
advisable. However, if designing for very low water use, select plant 
species that are better able to tolerate the extreme moisture 
stress on a green roof during a typical summer. Selection tools 
XSKYMHIXLIMHIRXM½GEXMSRSJPS[[EXIVYWITPERXWTIGMIWGERFI
found at the 7QEVX+EVHIR;EXIVMRK website. Another option is to 
provide supplementary irrigation on a contingent basis during the 
hotter periods of the year. 
Depending on the level of attention that can be provided, inclusion 
of indicator species with moderate requirements for water may be 
helpful to show when supplementary irrigation is necessary. This 
avoids compromising the performance of all the plants.
-VVMKEXMSRJVIUYIRG]
During the establishment phase after planting, irrigation may be 
frequent, for example, two to three times per week. For food 
crops, irrigation will also be necessary during high activity phases 
SJXLIKVS[XLG]GPIWYGLEW[LIRXLITPERXQSZIWMRXS¾S[IVMRK
and fruit set. The frequency of irrigation should be matched to the 
drainage and water-holding capacity of the mix: frequent irrigation 
of a very free-draining substrate is likely to waste water.
The irrigation delivery method will partly determine the timing 
of irrigation. Watering in high daytime temperatures will transfer 
more heat into the building, as water heats up as it passes through 
the hot growing substrate and transfers some of this heat into the 
building when it drains onto the roof surface. For surface and sub-
surface irrigation, there is little to no wetting of the foliage, which 
lowers the risk of fungal disease. If spray irrigation is used, it should 
be applied very early in the morning to enable foliage to dry off 
throughout the day and thus reduce the likelihood of disease.
Moisture	
 sensors
Be aware that moisture sensors used to estimate moisture 
content in standard landscaping soils do not provide reliable 
information about the moisture content of free-draining, porous 





Building  &  Installation  -­  Green  Roofs78 Roofs
Delivery	
 method Advantages Disadvantages
Microspray Low cost, visible, easy to install, reliable 
Uneven distribution (plant interception), high 
water loss (wind, evaporation), foliage wetting 
(increased disease potential)
Surface drippers/







potential for damage  by people digging
Sub-surface capillary ,MKLIJ½GMIRG]
,MKLGSWXQEMRXIRERGIERHVITEMVMWHMJ½GYPX
because not visible, ‘capillary rise’ of substrate 
needed or water will not reach plants
Wicking associated with 
irrigation in drainage layer ,MKLIJ½GMIRG]IEWISJMRWXEPPEXMSR
Linked to proprietary systems, ‘capillary rise’ of 
substrate needed, this may be unsuitable for plant 
establishment if the water is applied too deep for 
the plant roots to reach
Hose
Good for domestic application for easily accessed 
areas, not so good for other areas. Allows 
monitoring to occur at the same time





retention of substrate and plants. Wind damage can be dangerous 
to people and property and costly to repair. Retention systems may 
be required to ensure that materials cannot be blown off the roof.
Wind uplift pressure is lowest on the centre of the roof and highest 
at the edges, around the perimeter and at corners. The higher the 
building, the greater is the risk. On pitched roofs, the roof peak is 
also subject to uplift. Minimising untethered components greatly 
reduces the risk of damage to the green roof by uplift.  
;LIVITSWWMFPI[EXIVTVSS½RKWLSYPHFIJYPP]EHLIVIHXSXLI
VSSJSVQIGLERMGEPP]½\IH*SV[EXIVTVSS½RKPE]IVWXLEXEVI
not bonded to the roof, the green roof assembly must provide 
adequate ballast to prevent uplift. Edge treatments are the most 
critical: the un-vegetated zone around the perimeter of a green 
roof (see Chapter 5.13) may require heavy concrete paving slabs 
rather than loose gravel ballast. The materials used must conform 
XSXLIHIWMKR[MRHPSEHGEPGYPEXIHJSVXLIWTIGM½GKVIIRVSSJ
location.  
On some green roofs, perimeter balustrades or parapet walls will 
TVSZMHIWSQITVSXIGXMSREKEMRWX[MRH¾S[3XLIVXVIEXQIRXW
such as jute erosion control netting (see Chapter 5.12) or coated 
wire retaining systems, may be useful.
Plant selection may also be used to mitigate the impact of winds. If 
the tolerance of different species to wind exposure is understood, 
plantings can be planned so that the lowest-growing, most robust 
species are planted in the most exposed areas. Taller, less wind 
tolerant species are installed behind them. The resulting gentle 
KVEHEXMSRSJZIKIXEXMSRLIMKLXWMRXIVVYTXWERHWPS[W[MRH¾S[
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Landscapes on pitched roofs are subject to wind forces and gravity 
affecting the stability and retention of the growing substrate and 
plants. In many cases slippage can lead to poor plant performance 
and ultimately green roof failure. For roof pitches of up to 15 
degrees, no additional protection is needed, unless there are 
WXVSRK[MRHMWWYIWSRXLIWMXI;EXIVTVSS½RKQYWXFIVSSX
resistant, and covered with a protection mat. A drainage layer 
is not always required as the roof can drain effectively through 
gravity. The stability of steeply pitched green roofs is increased by 
maintaining vegetation cover: provision of irrigation is essential.
For green roofs constructed on pitches greater than 15 degrees, 
basic protection can be provided through anti-erosion jute 
netting installed just below the substrate surface to provide some 
anchorage to plants (see image). This netting breaks down over 
time, and is used simply to help keep the substrate in place whilst 
the plants establish. 
Greater protection can be provided on steeper sites by using a 
HVEMREKIPE]IV[MXLPEVKIGIPPWSVGYTW8LIKVS[MRKWYFWXVEXI½PPW
the cells of the drainage layer, reducing slippage and providing 




For green roofs with slopes between 20 degrees and 45 degrees, 
‘honeycomb’ webbing, comprising multiple, enlarged drainage 
GIPPWGERFIMRWXEPPIHEFSZIXLIHVEMREKIERH½PXIVWLIIXPE]IVW
(see image). This holds the substrate in place, increases stability 
and reduces slippage. Other specialised structural elements can 
be incorporated to transfer shear forces into stable, reinforced 
abutments that form part of the roof structure, or wind barriers 
can be installed.
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5.13  Hard  landscape  elements





 planting containers 
 drains and gutters
 ¾EWLMRKW
 a range of other elements, not discussed in detail here, such 
as: harness attachment points; controller boxes/solenoid 
boxes (to house irrigation components); decorative and 
functional landscape elements such as decking, paving, seating, 
shade protection, ponds and lighting 
The colour of materials should be considered as this will affect 
their heat gain. Consider location of shade structures as additional 
elements. 
2SRZIKIXEXIH^SRIW
Non-vegetated zones are used to group roof penetrations, vent 
pipes and other upstands and assist in lateral drainage. They are 
generally constructed with large diameter aggregate rock or ballast 
(16-32 mm size), rather than the growing substrate, and provide 
additional lateral drainage into the roof drains. They are usually 
between 300-500 mm wide and are separated from the roof 
perimeter ballast by metal edging installed around the planting 
area. Similar vegetation-free zones may be created through use of 





vegetated zones across a green roof. It can include concrete, 





Blocks of polystyrene foam can be used to build up areas to create 
mounds or hills without the additional weight of the substrate. 
Topographical variations on a green roof create different growing 
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Planting	
 containers
Planters must be made from weather resistant materials, and the 
components must be physically and chemically compatible with 
each other. Common examples of materials used to build planting  
containers are powder-coated metal, galvanised steel, ceramic, timber, 




All drains must be accessible for maintenance, protected from 
blockage by leaf litter and substrate wash, and housed with 
MRWTIGXMSRGLEQFIVWHVEMRGSZIVW½PXIVWSVWXVEMRIVW-RWTIGXMSRW
after construction, following storms and every three months are 
recommended. 
Selection of drainage hardware depends on the required function 
and appearance; examples are provided in the section on drainage 
in Chapter 2*SVHVEMRWPSGEXIH¾YWL[MXLXLIVSSJWYVJEGIEKVMPPI
should be installed to prevent drain clogging.  
Flashings




ensure that membrane terminations, and any areas of membrane 
extending over the vertical and horizontal surfaces of the parapet, 
















































































































































































6.  BUILDING  &  
INSTALLATION  
GREEN  WALLS
























6.1  Structures  and  components  for  




 systems can be either modular containers 
or large panels. The systems are installed via brackets that sit out 
from the load-bearing wall (or a stand-alone structure) to create 
an air gap between the wall (or other structure) and the backing 
sheet of the green wall system. In a hydroponic system, an inert 
growing medium is provided to which the plants physically anchor, 
WYGLEWELSVXMGYPXYVEPJSEQEQMRIVEP½FVISVEJIPXQEX8LIWI
materials can act as a water retentive sponge, although the more 
they soak up the heavier the system becomes. The advantage of 
the hydroponic system is that there is no structural decay of the 
growing medium, no salt build up from fertilisers and nutrients 
are supplied in a precise and controlled manner. Over time, plant 




 use substrate-holding containers made of 
plastic or metal. The substrate is packed directly into the empty 
GSRXEMRIVSVTPEGIHMRE[EXIVTIVQIEFPIW]RXLIXMG½FVIFEK 
The containers are connected together and anchored to the wall 
or to an independent, structurally secure metal rack or framework. 
Alternatively, plastic or metal growing containers can be hung 
SREQIXEPKVMH½\IHXSXLI[EPP-RHMZMHYEPKVS[MRKGSRXEMRIVW
can be removed for maintenance or replanting. Most substrate-
based systems are designed for automatic irrigation, just like the 
hydroponic green wall systems.
The growing medium in these systems provides a structure to 
support the plant and facilitates water, air and nutrient access, 
decreasing the need for constant management associated with 
hydroponic systems. However, over time the reserve of nutrients 
will be exhausted and there can be a build up of salts in the 
growing medium. Traditional potting mix is not a suitable substrate 
for green walls. A specialist green wall provider will advise on 
the most appropriate growing medium for a particular green 









































prevents movement of water between the wall and the planting 
system, and air-prunes plant roots to reduce the risk that they 
will directly contact the wall and provide a path for movement 
of moisture. Provision for an air gap between the planting system 
and the building wall will also prevent growth of mould. Where 
[EXIVTVSS½RKMWRIGIWWEV]MX[MPPTVIZIRXHEQEKIXSXLI[EPP
from moisture and dissolved salts from fertilisers. In some cases 
the supporting wall might be considered waterproof as is; for 
example, a preformed concrete wall may be thick enough to be 
rated as fully waterproof, or a wall constructed from marine-
KVEHITP][SSH[MPPLEZIWSQIHIKVIISJ[EXIVTVSS½RKJVSQ
the glues used within the ply.  Consideration must be given 
XS[EXIVTVSS½RKTIRIXVEXMSRWXSXLI[EPPEW[IPPEWNYRGXMSRW






suitable treatment is chosen.
8LIQERYJEGXYVMRKERHMRWXEPPEXMSRSJ[EXIVTVSS½RKQIQFVERIW
should comply with the Australian Standard for membranes 




internal walls should be manufactured and tested to AS/NZS 
;IXEVIEQIQFVERIW;EXIVTVSS½RKXVIEXQIRXWLSYPH
follow the procedures used in other internal areas of residential 
buildings, such as bathrooms, kitchens and laundries. These are 
WTIGM½IHMR%7;EXIVTVSS½RKSJHSQIWXMG[IXEVIEW
Drip	
 trays are used to capture excess irrigation water from the 
growing medium as well as water droplets that drip off foliage. The 
WM^ISJXLIHVMTXVE]WLSYPHFIWYJ½GMIRXXSLSPHERIRXMVIMVVMKEXMSR
cycle’s water volume (before draining away prior to subsequent 
cycles starting). Drip trays may not be necessary if the run-off is 
intended to irrigate vegetation below the green wall. If drip trays 
are not used, ensure run-off does not create slip hazards, damage 
the building fabric or provide excess moisture or nutrients to 
ground-based plantings below.
Water captured in the drip tray or reservoir at the base of the 
planting system can be pumped back to the top of the wall for 
re-use rather than being wasted, provided that it is treated to 
prevent build-up of nutrients. Drip trays should have a drainage 
TMTISJWYJ½GMIRXHMEQIXIVXSIQTX]XLIHVMTXVE]SVQEREKI
[EXIVGETXYVIWYJ½GMIRXP]XSQMXMKEXISZIV¾S[SJXLIXVE]*EWGME
treatments may be added to conceal the edges and functional 






conference room in Melbourne. Within a week 
SJMRWXEPPMRKXLI[EXIVTVSS½RKERHHVMTXVE]
treatments, water leakage was observed. The area 
connecting the waterproofed wall to the drip 
tray had not been completely sealed and allowed 
water to collect and drain between the two. 
The modular nature of the green wall assembly 
enabled this fault to be easily repaired the area  
was sealed, and this mitigated any further 
damage.
This example reinforces the importance of 
testing and checking the work undertaken and 
completed by every contractor against project 
WTIGM½GEXMSRW
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Green walls cannot be sustained without irrigation. Interruptions 
to the water supply are a common cause of plant failure on green 
walls. Systems designed with inbuilt irrigation should mitigate plant 
losses due to inconsistent moisture management, although errors 
can still occur.
Automated, remotely controllable irrigation systems are used 
JSV[EPPWMRLMKLTVS½PIPSGEXMSRWSVMRWMXYEXMSRW[LIVIEGGIWW
is challenging. Note that the quality, design and costs will vary 
between different systems. The most sophisticated systems enable 
the maintenance supervisor to keep track of the automated 
performance of the system, including the volume of irrigation 
delivered, its frequency, substrate moisture content, as well as 
pH and nutrient levels in the water supply. The settings can be 
overridden if needed; for instance, the frequency or duration of 
irrigation cycles may be increased on hot days.
In hydroponic systems, plant nutrition is delivered by a fertiliser 
injection system that releases controlled doses of fertiliser into 
the irrigation system (fertigation). Management of fertigation 
systems and rates of delivery requires specialist knowledge, as it is 
more complex than fertilising soil or growing media. Hydroponic 
systems require continual monitoring of pH, water hardness and 
total dissolved solids (TDS), and adjustment of these parameters 
where necessary.
For hydroponic green wall systems, the fertigation system may 
apply 0.5-20 litres of irrigation solution per square metre per 
day. Internal green wall requirements are at the lower end of this 
range, and external green walls at the higher end. Irrigation cycles 
typically last a few minutes and will be required several times a 
day. Keeping irrigation volumes low minimises waste and reduces 
run-off. Irrigation run-off may be captured in a tank at the base of 
the wall and recycled back through the green wall system. 
Green walls that use a high quality, water-retentive growing medium, 
and are not in an exposed or particularly hot location, may thrive 
on a weekly watering regime. In most simple, soil-based systems, 
including DIY systems, controlled release fertiliser is mixed in with 
the growing medium, rather than using a fertigation system.
Irrigation must be available as soon as the plants are installed in 
the wall system. The irrigation system requires a water meter to 
monitor irrigation volume, and a pressure gauge to monitor the 
even application of water. The need for ongoing regular irrigation 
and the expectation that water will be used sustainably means that 
stored (harvested or recycled) water should be used whenever 
possible, so a pump is necessary. 
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6.4  Vegetation
The size of plant materials used in green walls will depend on the 
VIUYMVIHPSSOERH½RMWLSJXLI[EPPEXTVSNIGXGSQTPIXMSR4PERXMRK
densities can be as high as 25 to 30 plants per square metre. 
Decorative patterns can be designed by repeat planting across 
EREVIELS[IZIVXLIWITEXXIVRWGERFIHMJ½GYPXXSMQTPIQIRX
if shadows and light across the different parts of the wall have 
not been considered. Systems incorporating smaller plants at the 
SYXWIX[MPPXEOIPSRKIVXS½PPSYXXLERXLSWIYWMRK[IPPIWXEFPMWLIH
container plants. The dimensions of the planting module will 
determine the size of the planting stock. Different green wall 
systems will be better for different types of plant growth habits, 
from those that grow upright to those with a clumping growth 
habit, scrambling, cascading or creeping. See Chapter 3 for 
information on plant selection.
6.5  Special  considerations  for  walls
Lighting is often required for green walls positioned in low light 
exposure areas. Many green walls are installed within non-lit areas. 
Lighting green walls is highly specialised, requiring the services 
SJEPMKLXMRKHIWMKRIVSVIRKMRIIV4PERXWVIUYMVIZIV]WTIGM½G
PMKLXMRKUYERXMXMIWERHUYEPMXMIWXSTLSXSW]RXLIWMWIKVS[¾S[IV
and develop appropriately. Tropical and subtropical green wall 
installations can generally survive in lower light conditions than 
Mediterranean, temperate plantings. Extensive knowledge of 
horticulture and design of green wall systems is needed to  
choose the right species for the light levels available on-site.
Another consideration for green wall installations is air movement 
around the foliage. This is important to help prevent fungal growth, 
ERHEHHMXMSREPZIRXMPEXMSRQE]FIRIIHIHXSIRWYVIWYJ½GMIRXEMV
movement for indoor walls. Outdoor walls usually create their 
own microclimate that creates enough air movement, but in very 

































































7.  BUILDING  &  
INSTALLATION  
GREEN  FACADES
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7.1  Wall  protection  and  different    
facade  treatments  
;EXIVTVSS½RKXVIEXQIRXSJXLI[EPPMWRSXVIUYMVIHJSVKVIIR
facades. It is important to select plant species with a growth habit 
that will not damage the fabric of the wall. Some species with 
adventitious roots or scrambling stems can damage the building 
fabric over time, such as Common Ivy ,IHIVELIPM\
. However, 
self-clinging climbers are exceptionally well suited to many vertical 
building surfaces, particularly old stone structures or those with 
minimal exposed mortar, and have lasted a long time without 
negative impacts on the building fabric. 
Plants can damage buildings by physical and chemical means, over 
XMQIWGEPIWSJGIRXYVMIW(EQEKIGERFIWYTIV½GMEPGEYWMRKSRP]
aesthetic changes to the facade, or more structural damage may 
result, usually over much longer time periods. If in doubt, choose 
a green facade where the plants are grown on a support system 
that is installed separately from the building. 
Support systems for facades involving plants that have tendrils 
or twining stems (see Chapter 3) may be made of plastic, timber, 
metal, or stainless steel cables or cable mesh.  Design of the 
support system must consider the intended lifespan of the facade, 
the growth habit of the plant species, and how spacing and offset 
from the wall can help to provide the desired end result. Possible 
designs are shown in Figure 23. 
For containerised systems, plant species choice and the spacing 
and volume of containers are critical for establishing effective 
facade coverage. Specialists in green facade design and installation 
can provide advice on the most suitable system and the best 
construction approach.
Wooden trellises are prone to damage by weather and plant 
growth and many plastics become brittle over time with ongoing 
exposure to UV light, heat and cold.
Metal systems have the longest lifespan and require less 
maintenance. Stainless steel cables and trellis are low maintenance 
ERHLEZIEPSRKPMJIWTERERHTVSFEFP]SJJIVXLIKVIEXIWX¾I\MFMPMX]
to suit a variety of plant species and wind loads. Steel nets 
and mesh provide additional options, with closer ‘weaves’ than 
horizontal and vertical cabling.
Support systems are suitable for very structured arrangements 
where greening has to be maintained away from windows or 
because of the other building constraints, such as the geometry 
of the building facade. A facade support may provide aesthetic 
appeal when the plants have not yet grown to full size and in 
winter where deciduous climbing species are used. Support 
systems can be separate from a building and used to create a 
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7.2  Soils  and  
growing  substrates  
Plants used for facade greening may be grown in soil in the 
KVSYRHSVMRGSRXEMRIVW½PPIH[MXLE[IPPHIWMKRIHKVS[MRK
medium. The principles outlined in growing substrates for green 
roofs, outlined in Chapter 5 and Appendix A are also relevant to 
green facades.
The use of planter boxes, mounted at varying heights above the 
ground, can allow greater coverage of the facade, where the 
building is so tall that ground level plants will not reach the top. 
The advantage of in-ground planting, where soil is of a reasonable 
quality, is that the plants will have more access to water (the soil 
will not dry out as quickly as in a container) and will have more 
space for their root systems to grow. 
Container growing media must be designed to support ongoing 
growth of plant shoots from a limited, contained root volume, and 
EXIPIZEXMSR%PXLSYKLQER]GPMQFMRKTPERXWTIGMIWLEZIWYTIV½GMEP
root systems and may thrive in a small volume of substrate, there 
is a notable link between root volume and sustainable foliage 
volumes. Climbers required to cover greater areas will require 
greater substrate volumes. However, weight loading restrictions 
may limit the depth that can be supported for container systems 
at elevation.
In-ground plantings will generally outperform container plantings 
in the long term. Ensure the planting bed soil or growing media 
has a suitable balance of porosity and water-holding capacity, 
and an adequate supply of nutrients to ensure optimal growing 
conditions. In a garden setting with good quality soil and adequate 
irrigation, there should be little to impede strong plant growth. 
In city landscapes, with large areas of impervious paved surfaces 
and soils that may be highly compacted, soil structure may be 
poor. In such cases, consider installing a ‘structural soil’ that can 
be compacted to enable footpaths or other hard surfaces to be 
installed, while still providing adequate porosity to support root 
growth. In some buildings the foundations sit out from the wall, 
underneath the ground – these footings should be set deep if a 
garden bed is planned adjacent to the wall.
Seek the advice of a horticultural consultant to ensure the volume 
of soil or growing medium will support the desired height and 
spread for the green facade.
For rapid coverage of a green facade, plant specimens should be 
healthy and vigorous, with numerous basal shoots. They should be 
of the largest possible size to suit the installation. 
To support the vegetation at installation, the growing substrate 
used to support container-grown facade plantings should 
incorporate controlled-release fertiliser at planting (see more 
information about plant nutrition in Chapter 8). New plantings 
should receive irrigation to promote their strong establishment, 
which depends on season planted and plant size. Establishment 
is when new roots have grown and the plant is acclimatised and 
actively growing.
Pruning and training of new plants is essential to promote the 
development of an effective facade. Plants may need to be 
trained to the facade support, or temporarily attached to the 
wall after planting, to encourage upward growth. Once the plant 
is established, the main runners should be trimmed to encourage 
lateral shoots that will create a more radial growth pattern. If this 
is not done, the climbers will typically branch out only once they 
LEZIVIEGLIHEWMKRM½GERXLIMKLXERHMXQE]XEOI]IEVWJSVXLI
lower portions of the facade to receive any coverage. The use of 
diagonally oriented cables on facade systems facilitates horizontal, 
as well as vertical, growth of the plant (preferred over the plant 
shooting straight up) and thereby increases the density of foliage 
cover. For long-term installations, pruning to rejuvenate might be 
required. As climbers age their growth can decrease and cutting 
back to hard wood can revitalise a plant and allow for longer 
PMJIWTERW8LMWQIERWXLEXEJXIV½ZIXSWIZIR]IEVWIWTIGMEPP]
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7.4  Drainage  and  
irrigation
Garden beds, or at-ground planter boxes used for climbing 
plants for facade greening, should have drainage appropriate 
for the plant species selected for use. Container systems 
placed at elevation on the face of a building should have 
a free-draining growing substrate to avoid potential 
waterlogging in the event of prolonged periods of wet 
weather. The potential for ponding of water above the top 
of the growing substrate should be minimised by providing 
SZIV¾S[HVEMREKILSPIWMRXLIWMHIWSJXLIGSRXEMRIVNYWX
LMKLIVXLERXLIPIZIPXS[LMGLXLIGSRXEMRIVMW½PPIH-RQSWX
cases, run-off through the base of the growing containers 
will simply run down onto the ground beneath, but drip 
trays can be installed to collect water. 
The vigour of many climbing plant species means that 
irrigation will be required to maintain high-density foliage 
cover and long-term performance of the green facade. In-
ground plantings in domestic settings will need irrigation 
at least during the hotter months, if not year-round. 
Harvested, recycled water should be used for irrigation 
wherever possible. Irrigation frequency will depend on the 
plant species selected, the type of growing medium used, 
and how exposed the facade is to sun and drying winds.
At-ground plantings can be irrigated by automatic systems 
or manually with a hose. Surface or sub-surface dripper 
systems are suitable automatic systems. Irrigation supplied 
to elevated planters requires appropriate water supply 
pressure from tank, recycled and mains water supplies. See 
Chapter 5.10 for information about irrigation systems and 
methods of delivery and Chapter 3 for more information 





















A roof garden incorporating green facades was built 
at Council House 2, central Melbourne, in 2006. Its 
design included the incorporation of 950 mm deep 
plastic planters, connected to a cable and stainless steel 
trellis (X-TEND®) mesh for growth of the facade. The 
intention was to increase greenery across the building 
through use of the roof and facades. 
Unfortunately, the facade plantings have not grown well 
due to multiple problems with the planters, growing 
substrate and irrigation. The black colour of the planters 
leads to considerable heat gain in the root zone over 
WYQQIVGEYWMRKHMJ½GYPXMIWJSVTPERXKVS[XL8LI
planters also tend to split, the side wall plastic seemingly 
unable to tolerate the high bulk density of the growing 
substrate. Additional metal frames were used to support 
the replacement containers. The substrate itself has also 
had issues, with plants failing or growing poorly and a 
considerable drop in the total volume since installation. 
A further complication has been the irrigation system. 
Each planter is irrigated via combination of a valve, water 
reservoir and foam ‘wicking’, all enclosed in the base 
of the container. The valves function at a much lower 
pressure than the mains supply, meaning most failed 
[LIRXLI][IVI½VWXSTIVEXIH8LMWMRXYVREJJIGXIH
any possible ‘capillary irrigation’ upwards to the root 
zone in each container, leading to extensive plant death 
shortly after installation. Replanting has occurred but 
all containers now need to be hand-watered. The City 
of Melbourne is currently investigating cost effective 
options for resolving these problems.
The City of Melbourne recommends thorough research 
or peer review to assist and support decision-making 






















































A maintenance plan should include a clear description of:
 maintenance objectives – created based on the design intent, 
or the landscaping or environmental objectives that were the 
basis for the roof, wall or facade development
 performance targets, such as the time frame for complete 
coverage of an area by plants and foliage
 responsibilities of various personnel involved in operating 
the building, outlining the type, scope, duration of task and 
occurrence 




Maintenance planning should also incorporate risk management, 
with the aim of reducing or eliminating the likelihood of failure 
that could result in property damage or personal injury. 
For large projects, maintenance planning is often based on 
‘asset management planning’ where the whole life of the asset is 
considered, including design, construction, establishment, operation, 
maintenance, renewal and demolition/replacement.
For some green roofs, walls or facades, particularly those located 
on commercial premises, maintenance will be undertaken 
by someone other than the building owner. A maintenance 
agreement with the installation company or with a recommended 
third party may be the most economical way to ensure the 
best long-term performance of a green roof, wall or facade. If a 
maintenance contract is used, it is important to be clear about the 
duration of the maintenance agreement, the scope of maintenance 
responsibility, and the need for handover at changeover to either 
new contractors or back to the building owner.
A supervisor may be designated to oversee the overall and 
ongoing management of maintenance activities, and can provide 
direction to maintenance staff and assess that work has been 
carried out satisfactorily. The supervisor’s role will involve:
 WGLIHYPMRKSJQEMRXIRERGI¾I\MFMPMX]QE]FIRIIHIHEWJSV
instance, additional visits may be necessary to repair damage 
following extreme weather events
 signing maintenance contractors in and out at the start and 
end of a visit, offering a toolbox talk at the commencement 
of a visit, and providing keys and providing any specialist 
equipment that is required
 occupational health and safety: ensuring contractors have 
ETTVSTVMEXIGIVXM½GEXMSRWGLIHYPMRKQERHEXSV]ERRYEPGLIGOW 
(and repair or replacement if necessary of safety anchor points); 
ensuring conditions are safe for maintenance staff to perform 
their work; providing safety signage or other barriers to restrict 
access during maintenance; and ensuring that staff understand 
the process for reporting actual or potential hazards
 informing other contractors who work on the building about 
the roof, wall or facade, so that they do not inadvertently 
damage the asset (for example, water service contractors 










one to two years after installation and is undertaken 
to fully realise the design intent and outcomes. For 
vegetation, this includes tasks such as pruning, weed 






 maintenance includes regular 
works that are undertaken to ensure the roof, wall or 
facade is maintained to a minimum or required standard 
of appearance, functionality and safety. For vegetation, this 
can include tasks such as weeding, pruning, removal of 
leaf litter and, in some cases, mowing. 
3.	
 Cyclic	
 maintenance is scheduled interventions at 
less frequent intervals that maintain infrastructure. 
It includes maintenance of the underlying building 
WXVYGXYVIERHSJWTIGM½GGSQTSRIRXWSJXLI
green roof, wall or facade system. This may include 
infrequent pruning or other formative management 
of woody vegetation, such as coppicing, or annual 
treatment of decking or other hard landscape 





 maintenance is 
undertaken when some component of the system 
fails suddenly, or shows signs of imminent failure. 
Failure may be due to a long-term problem that has 
gone undetected (such as blocked drains by tree 
roots), or sudden damage resulting from an extreme 
weather event (such as stormwater incursion).  
5.	
 Renovation	
 maintenance includes works that change 
the design intent. This may arise after a change of 
ownership of a building which instigates a desire for 
change, through to remediation of a design failure 
(see The Venny case study).
Some typical maintenance activities for green roofs, walls 
and facades are outlined in the table below. These are 










Roofs that are not generally accessible to the building 
owner or tenants may need to be accessed by ladder, 
using ropes and harnesses or other ‘fall arrest’ systems to 
work safely. For small wall and facade installations, within 
a few metres of the ground, a mobile work platform at 
KVSYRHPIZIPMWTVSFEFP]XLIQSWXIJ½GMIRXWSPYXMSRJSV
access. However, ropes and roof-mounted attachments 
may be required for larger areas or higher buildings. 
Green walls and facades extending more than 10 metres 
above ground level will usually be maintained from a 
roof-mounted work platform. A hybrid living wall system 
developed in Adelaide addressed maintenance access 
[MXLERMRFYMPXTPEXJSVQEXIEGL¾SSVPIZIPXLEXEPPS[IH
safe access for maintenance of the vegetation and for 










Remove waste plant material (leaf litter, prunings, weeds), inspect for signs of pests 
or disease and treat as needed, make seasonal adjustments to irrigation volume and 
frequency as needed, ensure adequate nutrition levels for plants; inspect after severe 
weather events (e.g. wind or heat) to look for signs of stress
Minimise	
 weeds	
 Mulching, weed control 
Manage	
 lawns Regular mowing, annual renovation 
Maintain	
 trees Regular pruning, annual tree inspection, brace and support as needed
Maintain	
 climbing	




 plants Vigorous pruning to renew stems and encourage new basal growth (every 5-7 years)
1SRMXSVTPERXTIVJSVQERGI Maintain records of plant health, vigour and coverage, pest and disease impact
Maintain	
 substrate
Top-up of growing substrate may be required due to wind, rain or animal activity (check 
the depth of the growing substrate before any additions are made to ensure weight 




Manually test and inspect the irrigation system regularly and monitor any automated 
systems (check volume of irrigation delivered, its frequency, substrate moisture content, 
and, for hydroponic green walls, nutrient levels in the water supply)
Monitor	
 plant	
 nutrition Maintain a log of fertiliser additions and records of pH and electrical conductivity values before and after addition of fertiliser
Maintain	
 drainage
Ensure roof drains are clear and functioning, remove dirt, litter and other deposits from 
HVEMRMRWTIGXMSRGLEQFIVWGLIGOTPYQFMRKLEVH[EVIGLIGOGSRHMXMSRSJ½PXIVWLIIXERH











green roof – if possible
Maintain	
 other	









or dry vegetation must be removed as part of regular maintenance. Fire resistance can be increased by installing breaks in the 




An important element of maintenance is ensuring that plants 
receive adequate nutrition. This section provides information on 
nutrition for roofs and facades. Walls are not addressed here 
FIGEYWIKVIIR[EPPMRWXEPPIVW[MPPTVSZMHIWTIGM½GMRWXVYGXMSRWJSV
meeting the nutrition requirements of the particular plants in the 
particular wall. Fertilisers for green walls are delivered in liquid 
form, via the irrigation system (see Chapter 6.3).
In consultation with the designer and client, establish the lowest 
appropriate application rate for controlled release fertilisers 
'6*
8LIEMQMWXSTVSZMHIWYJ½GMIRXRYXVMXMSRJSVWXVSRKTPERX
performance while minimising nutrient loss into irrigation/
WXSVQ[EXIVVYRSJJ%WWYGLJIVXMPMWIVVEXIWEVIYWYEPP]WMKRM½GERXP]
lower than those recommended for garden or container plants. 
Where the plantings are limited to succulents there may not be 
any ongoing addition of fertiliser.
CRF is the most suitable choice for plant nutrition in green roof 
settings or green facades in containers. The fertiliser comes in 
the form of water permeable resin granules or beads and is 
applied on the substrate surface but should be raked or mixed 
through, ensuring an even distribution. Each rain or irrigation event 
dissolves a small amount of the inorganic nutrients stored in the 
bead. If the roof or container is being irrigated from below (a sub-
irrigation system) then it is important to mix the fertiliser well into 
the substrate.
The elevated temperatures on a roof or facade can lead to 
excessive fertiliser loss and damage plant growth. For Australian 
natives on green roofs, low phosphorus CRF can be used at half to 
quarter of the rate recommended for garden or container plants.
Liquid fertilisers are not suitable for routine use on green roofs, 
as nutrients are more likely to leach out of the mix and leave via 
stormwater run-off.
Facade greening planted in the ground in a good quality, sandy 
loam topsoil should not require additional fertiliser. The addition 
of composted organic matter once or twice a year to garden 
beds where facade greening is planted will supply nutrients and 
improve water retention. CRF suitable for the species planted may 
be incorporated into the garden beds, if desired, according to the 
rates recommended by the manufacturer.






It is useful to undertake soil testing of pH and electrical 
conductivity to establish the conditions under which plants were 
started. Ongoing, strong plant growth and coverage is the best 
sign that growing conditions are suitable.  As long as there are no 
problems with the performance of the plants, the manufacturer’s 
recommendations for rate and frequency of fertiliser application 
may be followed.  If plants do not perform well, or there are any  
WMKRWSJRYXVMIRXHI½GMIRG]EWEQTPISJKVS[MRKWYFWXVEXIWLSYPH
be collected for testing of pH and electrical conductivity (EC) or 
total dissolved solids (TDS), following the same test procedure 
as was used at planting. Additional fertiliser should be added 
if EC or TDS results suggest nutrient levels are simply running 
low.  If possible this should be incorporated through the growing 
substrate to ensure its even distribution, though this may be 
HMJ½GYPXXSEGLMIZIJSVKVIIRJEGEHIGSRXEMRIVWMRWXEPPIHEXIPIZEXMSR
This  guide  has  been  developed  
in  collaboration  with  government,  
industry  and  universities.  It  provides  
advice  specific  to  conditions  in  
Victoria,  Australia.  It  is  hoped  that  
this  guide  will  help  to  increase  
the  number  of  high  quality,  
multifunctional  green  roofs,  walls  
and  facades  to  make  our  cities  
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The Venny green roof comprises a lower 
¾EXVSSJ[MXLTPERXMRKHIWMKRIHEVSYRH
three sections – A, B, and C (Figure 1) 
– and an upper, sloping green (roof D), 
a later addition to the original brief. The 
green roof can be viewed from the ground, 
access is only available for maintenance. 
The upper roof contains an array of 
photovoltaic cells (44m2), two solar hot 
water panels and a roof ventilator, leaving 
approximately 46m2 for planting. 
Introduction	
 
The Venny is a community facility for  
children from the Melbourne suburb of 
Kensington and surrounding neighbourhoods. 
Design of  The Venny was commissioned 
by the City of Melbourne, incorporating 
the use of recycled shipping containers. 
As protection was needed to insulate 
the spaces below the metal containers, 
a green roof was suggested as the most 
appropriate solution. It was also anticipated 
that the roof would expand the local 
knowledge of green roof design, installation 
and maintenance at a residential scale. 
The project was a joint venture between 
the City of Melbourne, The University 
of Melbourne and Melbourne Water. The 
roof has also been a research site for The 
University of Melbourne, with funding 
provided through the Australian Research 
Council. 
Detailed design of the lower areas was  
undertaken by The University of Melbourne 
and the upper green roof was designed by 
Junglefy Pty Ltd. 
*MKYVI7GLIQEXMGTPERZMI[SJXLI:IRR]VSSJ





A ZinCo system was used for the 
[EXIVTVSS½RKERHHVEMREKIGSQTSRIRXW
A low cost membrane material, Volclay 
Swelltite®, was used. The lower green 
roof comprises a ZinCo system, including 
a 25 mm drainage cell, and two different 
mineral-based substrates developed by The 
University of Melbourne. The upper roof 
used an alternative system incorporating 
a basal protection layer with irrigation 
(capillary irrigation matting) and, originally, a 
100 per cent coir media at 100 mm depth. 
Galaku erosion control netting was used to 
hold the plants in place on the upper roof.
Plants for the green roofs were researched 
and selected by The University of 
Melbourne, based around aesthetic 
properties, drought tolerance and low 
resource inputs (water, fertiliser and 
maintenance). Most were succulents, 
particularly sedums, aloes and related 
species. They were planted at high densities 
to provide rapid cover and discourage 
weed infestation. 
The upper roof has been designed to 
hold a green roof with a saturated load 
of 160kg/m2 (including all plants, substrate, 
MVVMKEXMSRW]WXIQERH[EXIVTVSS½RK
-R
addition to the 160kg/m2 there has been an 
additional live load allowance of 40kg/m2. 
Maintenance	
 
Management and maintenance was 
considered in the initial design, and a safe 
maintenance access point was important. 
A lockable alcove was designed with 
a purpose-built ladder and signage to 
comply with occupational health and safety 
standards. Paths of chipped recycled brick 
were incorporated into the initial design 
of the lower roof to minimise the impact 
of maintenance and research activities on 
plants and green roof infrastructure. These 
JEGXSVWGSQFMRIH[MXLXLIWTIGM½GWTIGMIW
selection of drought tolerant plants and a 
close planting design, were considered to 
culminate in a green roof that could be 
safely managed, with low impact, and low 
maintenance requirements. 
8LI½VWXX[S]IEVWSJQEMRXIRERGIERH
management was undertaken by The 
University of Melbourne, as part of its 
research studies, and Junglefy Pty Ltd. A 
comprehensive management plan was 
devised by The University of Melbourne 
and handed over to the City of Melbourne. 
8LMW[EWXLI½VWXKVIIRVSSJXLEXXLI'MX]
of Melbourne’s landscape maintenance 
team had experienced and some problems 
did occur when the irrigation system failed  
over summer. The maintenance visits also 
became infrequent which meant that 
the health of some of the species was 
compromised. After approximately six 
months’ maintenance by the City of 
Melbourne the roof was evaluated and 
it was determined that while the lower 
green roof was satisfactory, the upper roof 
had not performed well. The coir growing 
media failed to support plants adequately – 
the only surviving species had drifted to the 
base of the roof slope. While disappointing, 
the substrate was used as a trial and the 
substrate and plant replacement was not 
an unexpected expense for the project.
Remediation of the upper green roof 
took place in July 2013. The University of 
Melbourne was contracted to develop a 
lightweight, mineral substrate and complete 
a planting design. Junglefy were re-engaged 
to take the lead in the remediation works 
– including the removal and replacement 
of the growing medium and the installation 
of new plants.
2I[>MR'STVSHYGXWWTIGM½GEPP]HIWMKRIH
for sloped roofs, were used, a ‘back to base’ 
alarm system for monitoring irrigation 
was installed, and Junglefy has continued 
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'SWXWPS[IVKVIIRVSSJ
The lower green roof cost $69,070. 
7TIGM½GGSWXWSJTVSNIGXGSQTSRIRXWEVI
shown in the table.
'SWXWYTTIVKVIIRVSSJ
The upper green roof cost $11,000, 
MRGPYHMRKXLI[EXIVTVSS½RKPE]IVKVS[MRK
substrate, irrigation, plants and planting, 
labour and materials.
Note: it would be unrealistic to expect 
to replicate such a build for the same 
price today. Junglefy’s involvement in 
construction was undertaken at cost due 
to its interest in developing this industry. 
Remediation works in 2013 cost 
approximately $43,000.  
6IWYPXWERHVI¾IGXMSRW
According to The Venny manager, the 
roof adds environmental, educational and 
IGSRSQMGFIRI½XWXSXLIFYMPHMRK%WE
small-scale building the design could be 
applied in a residential context. 
Lessons learned included that:
 the bentonite liner and concrete screed  
on the lower roof,   expensive items 
which did not live up to expectation, 
would be avoided in future
 the use of 100 per cent coir as a 
substrate on the upper roof would 
be avoided (this was addressed in the 
remediation)
 the slope called for a water retention 
layer (this was added in the 
remediation in 2013).
The Venny has proven to be a pioneering 
project that has provided a valuable 
learning experience for the emerging 
green roof industry. Those involved in 
similar projects should invest in good 
QEXIVMEPWJSV[EXIVTVSS½RKERHHVEMREKI
as well as consulting those with expertise 
in design and application to ensure plants 
are appropriate for the type of roof. 
%GSRWMWXIRXQIWWEKIMRXLIVI¾IGXMSRWSJ
The Venny green roof partners was that  
patience is required when undertaking 
something that is untested: it is a collaborative 
learning process through all stages from 




Shipping container  
steel frame Recycled





Zinco System (Install) $1,360
KISSS “Below Flow 




median & crushed 
brick paths
$5,900
Coir Mulch Matting $1,270
Plants (Supply) $4,520
Plants (Install) $3,540
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Triptych Apartments include a large 
hydroponic green wall on the building’s 
exterior south-east facade, extending up 
from the second level, above the footpath. 
It is visible to all vehicular and pedestrian 




 Visible from the street, the green wall 
feature was considered by the developer to 
provide a ‘wow-factor’, setting the building 
apart from other inner-city residences and 
blending in with the leafy streetscape. 
The purpose of the green wall was to:
 obscure the view of the exterior of 
the multi-level parking area
 use foliage to soften the built 
environment 
 provide habitat and increase diversity 
through the use of native and exotic 
plant species
 utilise collected rainwater 
The property was owned by the Stable 
Group, and the project was completed by 





The wall includes 362 planting panels 
measuring 100 cm x 500 cm x 15 cm 
along with 44 planting panels measuring  
75 cm x 50 cm x 15 cm. It is designed for 
a weight loading of 80kg/m2 dead load.
%WTVE]SR[EXIVTVSS½RKQEXIVMEP[EW
used. A root barrier layer was not required 
because the air barrier between the wall 
and the modular system allows for air 
pruning. (Roots become exposed to the 
air, which dehydrates them and stops 
them growing further.) Polyurethane foam, 
a Fytogreen patented product, with felt 
wrapping was used as the growing medium. 
The foam modules are held in a steel cage, 
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Plants are irrigated using a controlled 
release dripper system that runs to each 
separate module, using collected rainwater 
supplemented with mains water as 
required. Fertiliser is also delivered via the 
irrigation drip system. The stainless steel 
facia surrounding each panel guides any 
excess moisture to a steel drip tray at the 
base of the vertical garden. 
Irrigation equipment includes a controller 
for timed irrigation cycles; a fertigation 
system for controlled fertiliser dosing 
through the irrigation system; water meter; 
pressure gauge; controlled volume drip 
irrigation line; and water storage tanks, 
½PXIVWERHTYQTW
Native and exotic plant species, chosen for 
aesthetic appeal, durability and biodiversity, 
are featured. The planting plan considered 
the differing levels of sun and shade across 
the wall surface, and the impact of plants 
shading one another as they grew. At 15 
plants per panel, a total of 5,958 plants was 
required. For the planting stock, 140 mm 
container specimens were grown in an 
offsite greenhouse for eight to 12 weeks 
FIJSVIMRWXEPPEXMSR8LIFIRI½XSJYWMRK
fully-grown plants is the immediate visual 
impact when installed.
The swathes (planted sections of different 
WTIGMIW
[IVIWTIGM½GEPP]HIWMKRIHXS
control lateral wind movement over the 
host wall surface, either mitigating wind 
damage or creating niches for species in 
the leeward sides. 
In addition to aesthetic appeal, plant 
species were chosen to be hardy, low 
maintenance and shade tolerant. Many 
of the species feature coloured foliage or 
¾S[IVWXLVSYKLSYXXLI]IEVGSRXVMFYXMRK
to the beauty of the design. 
Careful consideration was given to the 
combination of species used, and their 
placement in relation to each other. All 
species were selected to offer cumulative 
control of pests and disease spread, 
wind, light and moisture, and to manage 
competition between species. The long-
term growth patterns and likely reaction 
to the environment were also considered. 
High foliage coverage was sought for visual 
appeal and also to out-compete weeds.  
Maintenance
By choosing species that respond well to 
each other, the green wall requires less 
maintenance than a more rigid design. The 
owners favoured this approach because 
it offered a long-term, adaptable and 
sustainable solution. 
Fytogreen is contracted to undertake the 
maintenance. Maintenance is moderately 
¾YMHTIRHMRKWIEWSREPGLERKIWERHXLI
client’s aesthetic expectations. The Triptych 
owners embraced natural aesthetic forms 
and ongoing species self-adjusting, leading 
to a less restrictive maintenance process. 
Knuckle Boom lift access, requiring a 
small team of horticulturists, is generally 
conducted every three months.
Monthly checks, conducted by one person, 










Viola hederacea Native Violet
Rumohra adiantiformis Leatherleaf Fern
Nephrolepis obliterata Sword Fern    
Asplenium bulbiferum   
Mother Spleenwort    
Correa ‘Dusky Bells’
Ficinia nodosa Knobby Club Rush    
3VXLVSWERXLYWQYPXM¾SVYWMorning Iris  
Campanula poscharskyana Serbian 
&IPP¾S[IV
Liriope muscari  ‘Evergreen Giant’ 
Plectranthus ciliatus  7TYV¾S[IV
Aristea ecklonii Blue Star   
Pachysandra terminalis Green Carpet 




Davalia tyermanii Bear’s Paw Fern
7GLIJ¾IVEEFSVMGSPE 
Dwarf Umbrella Tree   
Strobilanthes anisophyllus Goldfussia     
Erigeron karvinskianus Seaside Daisy     
Acorus gramineus Green Acorus     
6SWQEVMRYWSJ½GMREPMWLSVM^SRXEPMW
Prostrate Rosemary
Chlorophytum variegatum Spider Plant 
Cerastium tomentosum  
Snow-in-summer  
Escallonia ’Newport Dwarf ’
Euphorbia ‘Chameleon’
Euphorbia ‘Blackbird’
Viola odorata Sweet Violet  8LIMRMXMEPTPERRMRKWOIXGLF]*]XSKVIIR
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Cost
The green wall project cost $350,000. 
This budget included a 12-month contract 
with Fytogreen covering maintenance of 
the green wall and defects liability. After 
this time, the maintenance contracts were 
negotiated between the parties and open 
for tender.  
6IWYPXWERHVI¾IGXMSRW
Fytogreen reports that this is a statement 
green wall that has proven to be functional 
in terms of water usage, visual impact and 
has assisted with the selling of apartments. 
Using harvested rainwater from the 
building the plants are thriving and habitat 
is being created. Fytogreen notes the 
visual amenity provided to all surrounding 
parties, including passers-by. 
In retrospect Fytogreen states it would 
have changed only one thing, and that 
was to have set up the wall to also be a 
research space for vertical garden species.
Fytogreen concludes that this is a large-
scale green wall that puts Melbourne on 
the map. As it is free to view to all passers-
by it provides inspiration to all to question 
technology, property value and the impacts 
of vegetation on built surfaces.
-QEKIWGSYVXIW]SJ*]XKVIIR
8LIKVIIR[EPPEX8VMTX]GLEHHWERSXLIVIPIQIRXXSXLIWXVIIXPIZIPZIKIXEXMSR
























The green facade was constructed on the 
north and west-facing external walls of 
Building 21, a 60-year-old brick building. 
Planter boxes at the base of the facade 
support plants that climb up a trellis 
stretching the height of the wall. The wall 
can be viewed by the general public and is 
mostly seen by RMIT students and staff.
Introduction	
 
The RMIT University city campus in 
Melbourne is a publicly accessible space 
made up of historical and modern 
buildings, interspersed with functional open 
areas. With the completion of University 
Lawn Precinct and the refurbishment of all 
of the surrounding buildings, Building 21 
needed a facelift as the last piece in the 
precinct. A green facade was constructed 
on the rear of the building. 
The Building 21 green facade was a joint 
project between RMIT University, Peter 
Elliot Architecture and Urban Design, 
engineers BHS Consultants, landscape 
architects Rush Wright Associates and TJS 
7IVZMGIW8LIWTIGM½GJEGEHIWXVYGXYVI[EW





The facade includes the following elements:
 a Ronstan X-TEND mesh trellis 
system in a diamond-shaped pattern. 
The trellis system is secured in place 
by steel framing at the top, bottom 
and sides of the wall. There is a 40 cm 
gap between the trellis system and 
the brick facade of the building so no 
VSSXFEVVMIVSV[EXIVTVSS½RKPE]IVW
were needed 
 planter boxes, which are mounted 
to the existing brick facade using a 
galvanised steel frame which encases 
the entire planter box. Zinc sheet 
vertical cladding covers the front of 
the boxes and extends down to hide 
the drainage system below
The sides and base of each planter box 
are lined with Atlantis® 30 mm Flo-Cell™ 
drainage cell and slotted Agridrain Pipe, 
and then covered with 2 mm geotextile 
Bidim® A14G membrane. The bases are 
lined with a 40 mm sheet of Hyrdocell 
hydro foam. 
A drip irrigation system is used, with a slotted 
drainage pipe running along inside the base 
of the planter boxes to provide drainage. 
Hydrocell 40 extensive media, a lightweight 
soil mix, was chosen to reduce stress on the 
existing brick wall. The substrate was topped 
with a 45 mm thick stone mulch layer to 

















RMIT  University    
Building  21  Green  Facade
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Forty-nine individual 140 mm plants, 
Kennedia rubicunda (Dusky Coral Pea), 
were installed in the planter boxes. 
Temporary bamboo supports were used 
to help the plants grow up and onto the 
trellis. Plastic clips were used at intervals of 
40 cm to secure the climber to the trellis. 
Provided by Ronstan, the clips are designed 
to allow for the plants’ growth. 
Maintenance
The design of the green facade included 
maintenance requirements. The site can be 
accessed with an elevated work platform. 
The planter boxes are raised above 
pedestrian level, but are low enough to be 
accessed using a ladder. 
The green facade requires a moderate 
level of maintenance, contracted to the 
university’s general landscaping contractor. 
Regular maintenance tasks include:
 monthly inspection of irrigation 
system function  
 twice yearly (spring and autumn) 
pruning and retraining climbers 
around windows 
 twice yearly (spring and autumn) 
fertilisation, plus additional if required
 monthly comprehensive visual 
inspection 
 weekly general inspections (including 
removal of rubbish)
Cost
The project cost $230,000, excluding 
SRKSMRKQEMRXIRERGI7TIGM½GGSWXW 
of project components are detailed in  
the table.
6IWYPXWERHVI¾IGXMSRW
The architect believes that the building 
now sits comfortably as a backdrop to 
the University Lawn Precinct, with the 
creeper-covered walls meshing into the 
urban landscape. He notes the appearance 
of the building has been successfully 
transformed through the softening effect 
of the creeper-covered wall. Initial plant 
growth has exceeded expectations but will 
need to be monitored to be maintained 
into the future.
The ongoing level of required maintenance 
can be carried out as part of general RMIT 
landscaping. RMIT reports that no plants 
have been removed or replaced to date, 
due to adequate facade coverage. 
Item Cost
Planter boxes $80,000
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The green roof is an elevated landscape 
located on top of the nine-storey car park. 
It is made up of a series of garden mounds, 
a grass lawn, storage sheds and planter 
boxes for growing vegetables. A windbreak 
wall was added to protect the site from 
the strong southerly wind. 
Introduction	
 
Freshwater Place is a residential complex 
containing 534 apartments, located on the 
Southbank side of Melbourne’s Yarra River. 
The aim of the project was to provide 
residents with a functional outdoor space 
that would enhance their inner-city lifestyle 
and add value to the property. The green 
roof is part of the communal facilities, 
which include barbeque areas, pool, gym 
and function spaces. Residents and their 
guests have full access to the level 10 
roof and it can be seen from most of the 
ETEVXQIRXWEWXLI]I\XIRHQER]¾SSVW
higher than the car park. Maintaining the 
green roof ’s aesthetic appeal is the priority 
for all maintenance activities.  
The green roof was a collaborative 
project between Bates Smart Architects, 
Australand and Laurence Blyton Landscape 
Architects. The green roof components 
were installed by Fytogreen and are 










density polyethylene (LDPE) foam
 Flo-Cell™ drainage layer
 Bidim® geotextile layer
 Fytogreen Hydrofoam hard foam 
RG30
 growing substrate
Vegetable planter boxes, provided by the 
Little Veggie Patch Co, are made from 
recycled apple crates. Measuring 1.2 m 
along each side, and about 80 cm tall, the 
boxes are anticipated to last more than 10 
years. The vegetable crates are located on 
the west side of the site and receive less 
sunlight than the other sections of the roof. 
There are 30 established trees growing in 
the green roof garden beds, surrounded by 
a range of shorter shrubs. The substrate in 
these beds is 70 cm deep to accommodate 
the trees’ root systems. Comparatively, the 
substrate under the large lawn area is only 35 
cm deep. The substrate mix used throughout 
the site was prescribed by Fytogreen, and 
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is made up of sand, organic material and 
[EXIVVIXIRXMSR¾EOIW%VMZIVWXSRIQYPGL
layer sits on top of the substrate to reduce 
evaporation, reduce weed growth and 
stabilise the soil in the wind. 
There is a mix of permanent green 
elements, seasonal interest from foliage 
ERHGSPSYVJYP¾S[IVW8LIVIMWEPWSSRI
lemon tree on the roof, after a request 
by a resident that it be planted. It is yet to 
fruit, but is growing well.
Replacement species have been selected 
from existing plants that have grown well. 
8LIWTIGM½GTPERXWTIGMIWYWIHSRXLI
Freshwater Place green roof are listed 
in the table to the side. All species are 
low maintenance, can be grown in most 
climates and soils, are tolerant of drought 
and wind, and prefer to be grown in full sun 
to part shade. They can be grown in urban 
areas where pollution levels may be high. 
The green roof drains into a 160,000-litre 
storage tank that sits beneath the paved 
area. Rainwater is also collected into this 
tank from other building surfaces. The 
collected water is used for irrigating the 
garden and can sustain the plants for up to 
three weeks in the height of summer, and 
as a result, potable water is rarely used. 
A drip irrigation system was installed 
beneath the substrate in the garden beds 
as part of the initial construction, but this 
system is no longer used. Although it was 
functioning correctly, the system did not 
allow for the different water requirements 
of trees and other plants. In 2010, the 
maintenance team installed separate drip 
irrigation systems for the trees and shrubs, 
which run along the surface of the soil. 
The grass lawn is watered using automated 
sprinklers.
The plants are monitored daily to ensure 
XLEXXLIMVVMKEXMSRMWWYJ½GMIRXERHXS
identify problems before the plants 
showed signs of distress. 
-RXLIMRMXMEPHIWMKR½ZIVSYRHTPERXVSSQW
on the roof were topped with vegetation 
to provide residents in the apartments 
above with a consistent green outlook 
onto the green roof. Sloped at a slight 
angle to allow for drainage, these roofs 
were planted with succulents in a shallow 
WYFWXVEXIQEHISJ½RIWXSRIEKKVIKEXI
Parts of these roofs became waterlogged 
and caused some plants to fail, resulting in 
patchy green coverage when viewed from 
above (see image). Although the drainage 
could have been repaired and the roofs 
replanted, maintenance staff chose to not 
replace the plants, leaving the area with 
just the stones. This decision was made to 
ensure that the residents had a pleasing 






Dianella  ‘Little Jess’
Juniperus sabina Savin Juniper
Liriope cultivars Lily Turf
Viola hederacea Native Violet
Viola labradorica Labrador Violet
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Maintenance
Although the green roof at Freshwater 
Place has been designed to minimise 
maintenance, there are ongoing challenges. 
A different level of maintenance is required 
for the intensive garden beds and the 
extensive lawn area. For an annual fee of 
$25,000, the maintenance is carried out 
under contract and includes replacement 
of plants. Maintenance activities include:
 
A key challenge for maintaining the 
green roof has been ensuring that plants 
get enough water to maintain optimum 
growth and to look healthy and visually 
appealing. This requires regular monitoring, 
so it is important that the maintenance 
contractor understands the environment 
and how it can change very quickly.
Originally, Tall Fescue grass was used as 
lawn cover, but the maintenance team 
JSYRHMXHMJ½GYPXXSOIITMXPSSOMRKKSSH
through water restrictions and the hot 
summer months. At times security staff 
hand-watered in summer to keep the 
grass green. Following a review of plant 
maintenance in 2007, the tall fescue was 
replaced with Kikuyu grass, a species with 
lower water requirements, and it has been 
very successful. 
Exposure to the elements has also been a 
challenge, particularly for the maintenance 
of the large Manchurian Pear trees. The 
strong wind has caused them to grow 
at an angle, particularly in the older tree 
stock, due in part to the use of fully-grown 
trees at installation, As a consequence, 
the root systems did not establish in the 
soil as well as they could had younger 
plants been used. Their lack of stability 
in the wind required the use of support 
cables. Recently, some of these trees were 
replaced with younger plants and these 
have quickly grown to be equal in size to 
the existing trees, and are far more stable. 
Maintenance processes are regularly 
reviewed to ensure they are consistent 
with the desired outcomes.
6IWYPXWERHVI¾IGXMSRW
Overall, the Freshwater Place management 
team is extremely happy with the aesthetic 
ERHWSGMEPFIRI½XWSJXLIKVIIRVSSJ8LI
useability of the space gives the building a 
unique edge and adds value to the property. 
The green roof is a well used space, 
particularly in the warmer months of the 
year. The barbeques are in constant use 
throughout the summer and the lawn is 
a popular place for picnics. The vegetable 
gardens are maintained by residents, who 
enjoy the social aspect of growing produce 
together. 
6I¾IGXMRKSRXLIPIWWSRWPIEVRIHSZIVXLIPEWX
nine years, the management team has advice 
for anyone considering a green roof project:
1. Green roofs have their own 
challenges due to the unusual nature 
of the site, so it is best to keep the 
design simple. 
2. Green roofs are not ‘set and forget’. 
It takes some time to get the plants, 
irrigation and maintenance right, so 
be prepared to make adjustments as 
you go along. 
3. Monitoring the green roof 
components and plants is essential for 
establishing a successful green roof. 
The monitoring should be regular and 
not reactive. 
Irrigation
Three times per 
week in summer; 
varies for the 
shrubs and trees.
Pruning









Weekly in spring; 







Monthly for turf; 
plants every six 
























Daily in summer, 
monthly at other 
times
1ERGLYVMER4IEVXVIIWEVIEJIEXYVISRXLI*VIWL[EXIV4PEGIKVIIRVSSJ
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The roof is on a one-storey building in a 
park. There is no public access but the roof 
slope of 2 to 3 degrees means it can be 
viewed from ground level. The green roof 
includes a range of indigenous plant species 
XSTVSQSXIXLIYWISJPSGEP¾SVEERH





childcare centre located in North Balwyn, 
an eastern suburb of Melbourne. It was 
built to replace an older building.
Council decided to include a green roof 
as an integral part of the new facility. The 
purpose of the green roof was to provide 
thermal insulation and help the building 
blend in to the surrounding parkland. 
The project received funding from 
Melbourne Water and the Victorian 
Adaptation and Sustainability Partnership to 
support the incorporation of water sensitive 
urban design features into the building.
The building was designed by the 
EVGLMXIGXYVEP½VQ*17%ERHFYMPXF]
Behmer and Wright. The green roof was 





The roof has a weight loading of 170 kg/m2. 
A gutter guard has been installed in the box 
drains, and leaf traps in downpipes to prevent 
them from blockage by pine needles from 
an overhanging tree. There is 400 mm wide 
unplanted perimeter zone to keep the areas 
around drains clear of vegetation.
Kalzip® aluminium standing seam roof 
sheeting was used for the roof deck. It 
was installed over a steel-framed portal 
structure – a building frame with pitched 
rafters. The standing seam system was a 
key element in Junglefy’s tender for the 
work, because its successful use on green 
roofs is well documented, and Kalzip was 
prepared to provide a 10-year warranty 
SRXLI[EXIVTVSS½RK8LMWMWXLI½VWX
Australian green roof installed over this 
X]TISJPMKLX[IMKLXVSS½RKW]WXIQXS
Junglefy’s knowledge. The Kalzip® roof 
system is intrinsically watertight so a 
[EXIVTVSS½RKPE]IVSVTVSXIGXMSRPE]IVW
were not installed.  
The drainage layer was ZinCo FD40, with 
water-retention capacity. A ZinCo Filter 
Sheet SF was also installed.
The growing substrate was Junglefy’s 
proprietary Victorian mineral mix. It was 
delivered in 5,000 kg capacity bags, lifted 
by crane and installed through a hose 
8LIFYMPHMRKWMXWPS[MRETEVOQIERMRKXLIVSSJGERFIIEWMP]ZMI[IHJVSQWXVIIXPIZIP
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attachment, and applied 100 mm deep. 
The large single substrate bag could 
be moved around the roof and greatly 
reduced the installation time compared to 
using multiple smaller bags. The substrate 
was covered with a layer of jute netting 
to provide weed control and protection 
from slipping due to gravity and wind 
forces. Plants were installed through cuts 
made in the netting. A layer of substrate 
was installed over the top to reduce the 
potential for wind uplift.
The Early Learning Centre has an additional 
bare roof area of approximately 300 m2. 
The green roof is irrigated with water 
collected over all roofs. Captured water 
is stored in an interconnected network of 
six tanks, with a total capacity of 24,000 
litres, in the ground level plant room at the 
lowest point of the building. The modular 
tank system offers adaptability for current 
and future use: one or more tanks can be 
removed for repair or replacement without 
any need to interfere with the building 
structure and surrounds.
The irrigation system has ‘back to base’ 
control with sensor-driven monitoring 
from an inbuilt weather station enabling 
irrigation cycles to be missed during rain 
IZIRXWI\GIIHMRKEWTIGM½IHXLVIWLSPH
The system used is standard for parks and 
gardens irrigation throughout Boroondara. 
Water is pumped up to the roof from 
ground level and delivered to the plants 
through a KISSS Below Flow Flat capillary 
system. Initially, irrigation delivery was 
patchy across the roof causing uneven 
plant performance and the loss of a small 
number of plants, but adjustments to the 
system have resolved this issue. 
The plant palette was a mix of low-
growing Victorian perennial grass and herb 
species typically found in grassy/creek-line 
woodland (the likely original vegetation on 
XLMWWMXI
8LILIVFW¾S[IVMRWTVMRKERH
autumn, providing colour interest through 
EWMKRM½GERXTEVXSJXLI]IEV4VSTSWIH
additions include the planting of taller 
grasses to conceal the ventilation shafts.
Junglefy’s custom-designed aluminium edge 
restraints separated vegetated and non-
vegetated areas of the roof.
Planting stock was contract-grown by 
Australian Ecosystems, provided as 
tubestock, and inspected at the nursery 
prior to delivery. Planting took place in 
November, after a delay. As a result, hand-
watering was necessary over summer, to 
ensure the plants were well established. 
Maintenance	
 
Junglefy has maintained the roof since 
planting. The intention had been that 
roof management would move to the 
City of Boroondara. However, due to 
Junglefy’s experienced management and 
competency to work at heights, they 
have been sub-contracted by the City’s 
Parks and Gardens team, and continue 
to maintain the green roof on a monthly 
FEWMW8LMWEVVERKIQIRXLEWWMQTPM½IH
management for the City of Boroondara.
8LITSXIRXMEPJSVEGMHM½GEXMSRSJXLIKVS[MRK
medium from the needles shed by a nearby  
overhanging pine tree is a source for concern.
Performance evaluation of the green roof 
plantings is being undertaken by the City 
of Boroondara.
Plant nutrition is provided as eight to  
nine-month low phosphorus controlled-




Total cost was $306,000. This included:
 design and preliminaries  
$180,000
 green roof installation and plants 
$126,000
The total building cost was $3.5M.
6IWYPXWERHVI¾IGXMSR
Insulation properties were a major driver 
for the inclusion of a green roof in the 
building design. An anecdotal story from 
builder Behmer and Wright’s site manager 
suggests that the green roof contributes to 
thermal comfort for users: after the green 
roof substrate was installed in winter, the 
builders elected to spend their lunchtimes 
in the facility as they found it was warmer 
XLERXLIWMXISJ½GI
Monitoring of energy consumption for 
heating and cooling will reveal whether 
usage is lower than would be predicted for 
a building of this type without a green roof. 
The City of Boroondara and the users 
SJXLI1MRM½I4EVO)EVP]0IEVRMRK'IRXVI
feel very proud of the redevelopment and 
its green roof. The positive experience at 
1MRM½I4EVOLEWQEHI'SYRGMPIRXLYWMEWXMG
to pursue future green roof projects. 
Council says that the local  community has 
responded well to the green roof, seeing 
the views of vegetation as far superior to 
a bare metal roof. The design objective 
to create a connected visual experience 
between the building and the park has 
been met. The green roof demonstrates 
that a modern building development can 
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The Victorian Desalination Project 
green roof is the largest in the southern 
hemisphere. It covers a number of 
buildings of the process plant, ranging 
in pitch from 3.5 to 20 degrees. The 
undulating slopes of the roof are designed 
to limit visibility of the industrial buildings 
from the surrounding public areas and link 
to the nearby coastal landscape. 
Introduction	
 
The Victorian Desalination Plant provides 
for desalinated water to be delivered 
from the private sector to the State 
Government owned water authorities. 
The plant is capable of supplying up to 150 
billion litres of water a year to Melbourne, 
Geelong and via other connections to 
South Gippsland towns.
 The aesthetic focus of the project was 
to soften the visual impact of the process 
plant buildings. Several other objectives 
were also considered in design of the 
green roof, including, ecological restoration 
of the area, thermal performance of the 
building, minimising the noise impacts 
from the desalination process plant and 
protection of the roof from the harmful 
effects of solar radiation. 
The Victorian Government’s private 
sector partner, AquaSure, consists 
of Suez Environnement, Degremont, 
Thiess and Macquare Capital Group. 
The Theiss Degremont Joint Venture 
was the design and construct contractor 
for AquaSure. The green roof design 
delivery was provided by ASPECT Studios, 
with technical design, installation and 





With a saturated dead load of 143kg/
m2 plus live load, the roof is designed for 
maintenance access only. 
The building is a steel frame structure with 
EXMQFIVTP]VSSJHIGO;EXIVTVSS½RKPE]IV
MW7MOE7EVRE½P%JSEQVIWMRHIZIPSTIH
by Fytogreen was used as an underlay, 
trapping water and nutrients and helping 
the plants to grow. The drainage layer is a 
20 mm Atlantis® Flo-Cell™ with a Bidim® 
%KISJEFVMGXS½PXIVWIHMQIRXVYRSJJ
The extensive green roof substrate mix 
was provided by Fytogreen and installed 
to a depth of 80 mm. The majority of the 
roof was constructed on a slope of less 
than 15 degrees and did not require any 
sheer protection. However, about 650 m2 
of the roof was installed on slopes greater 
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the substrate and vegetation. The 150 mm 
deep Geoweb® cells were installed over 
four days, with anchoring tendons running 
through every second row of cells to 
secure the system in place. 
Due to the strong winds to which the 
green roof is exposed, a system of stainless 
steel hold-down netting was required in 
the areas subjected to the highest wind 
speeds. These winds create a twin vortex 
effect where the combined lateral forces 
and vertical uplift would risk dislodging the 
substrate ballast layer. The primary function 
of the mesh was to mitigate the insurance 
risk during establishment when the mulch 
layer was exposed. As time goes on it is 
expected that the plants will ameliorate 
wind uplift.
A sub-soil irrigation system was designed 
JSVXLIKVIIRVSSJF]2IXE½QERH
installed by Fytogreen. The automatic drip 
system includes a weather monitoring 
station to ensure irrigation frequency and 
volume is appropriate. Data is collected 
on the amount of rainfall and the level of 
evaporation. Water for irrigation is captured 
from a 3.7 ha collection area and stored 
in a 0.5 megalitre pond. In addition to the 
captured storm water, 600 litres of process 
sampling water per hour is available from 
the desalination process plant. 
The Fytogreen design for the green 
roof was carefully considered to ensure 
consistency with the coastal character, and 
to meet the ecological objectives of the 
project. Species selection focused on plants 
that are locally indigenous to the area using 
seed that was collected within 40 km of 
the site. 
Given the site’s exposure to the elements 
in a windy and temperate coastal 
environment, testing was undertaken prior 
to construction to ensure that the species 
chosen would thrive in the conditions. 
Fytogreen established a test roof on a 
nearby site in 2009 to determine which 
species would respond well to the wind 
and variable temperatures, and to test 
planting patterns that would enhance the 
health of the plants.
Plants are fertilised using Osmocote® low 
phosphorus 12 to 14-month controlled 
release fertiliser. Application rates are 




out any maintenance required for the 
KVIIRVSSJ+MZIRXLILMKLTVS½PISJXLI
project and the community expectations 
EVSYRHEIWXLIXMGWXLIGSRXVEGXWTIGM½IW
standards for maintenance. This includes a 
requirement that vegetation cover must be 
EXPIEWXTIVGIRX[MXLRSQSVIXLER½ZI
per cent weeds. Fytogreen visits the site 
as required, to ensure these maintenance 
obligations are met. Visual inspections 
of plant health are important to ensure 





Actites megalocarpa Dune Thistle
Apium prostrata Sea Celery
Ficinia nodosa Knobby Club-rush
Carpobrotus rossii Pigface
Correa alba White Correa
'SVVIEVI¾I\ENative Fucshia
Dianella admixta Spreading Flax-lily
Dianella brevicaulis Coast Flax-lily
Dichondra repens Kidney Weed




Goodenia ovata Hop Goodenia
Lomandra longifolia Basket Grass
Olearia axillaris Coastal Daisybush
Rhagodia candolleana ssp. candolleana
Seaberry Saltbush
Senecio spathulatus Dune Groundsel
Stylidium graminifolium
Grass Triggerplant
Tetragonia implexicoma Bower Spinach




























The opportunity to develop an indigenous 
plant palette for such a large scale green 
roof has demonstrated the way the natural 
ecology evolves and responds to the 
site conditions and the development of 
microclimates as the vegetation matures.
Some of the initial planting stock struggled 
to survive the windy conditions on-site. 
However, Fytogreen anticipates that the 
existing vegetation will provide protection 
for new plants that grow from self-sown 
seed, allowing them to establish more 
strongly on the roof. 
Fytogreen points out that the  
requirement for irrigation water should 
not be underestimated, and it is important 
to be mindful of the client’s expectations 
in terms of the roof ’s appearance. The 
aesthetic value may become a higher 
priority than designing for minimum 
water use. Recovery of irrigation run-off 
enables 80 per cent of the water to be 
re-used and ensures that water sensitive 
design principles are maintained without 
compromising plant performance and 
appearance.
The vast size of the green roof planted 
with Australian natives leaves a positive 
impression with all visitors to the site.
The inclusion of the green roof on the 
Victorian Desalination Project was 
an inspired gesture that added to the 
acceptance of the project by the local 
community and the wider public. 
%74)'87XYHMSWVI¾IGXWXLEXFIGEYWI
this roof was constructed in the absence 
of a formed Australian green roof design 
standard it is a testament to the innovation 
and skill of the design and construction 
team. Initially viewed as a risk, the green 
roof has proven to be one of the most 
successful elements of this challenging 
project and represents the growth of the 
green roof industry in Victoria.

























The green roof is located above ground 
¾SSVSJ½GIWSREGSRGVIXIVSSJHIGO[MXL
a 1 degree slope. The roof is accessible 
only to authorised staff or students with 
;SVOMRKEX,IMKLXWGIVXM½GEXMSRLS[IZIV
MXGERFIZMI[IHJVSQXLI½VWX¾SSV
hallway window.  
The Biodiversity Green Roof features:
 Victorian grassland plant species 
in a shallow scoria-based growing 
substrate
 a range of landscaping materials 
(sand, gravel, ash, rubble) and features 
(logs, rocks, hollow twigs, roof tiles, 
terracotta pots) to create habitat 
opportunities for birds, lizards, insects 
and other invertebrates 
 a small ephemeral pond and shallow 
creek bed, that are supplied by rainfall 
run-off from the roof above
Introduction	
 
The University of Melbourne has a campus 
in Richmond, near the Yarra River, focusing 
on horticultural research and education. 
The main building was constructed 
between 1946 and 1949 and is protected 
by a Heritage Overlay, and the entire site is 
listed on the Victorian Heritage Register. 
The northern end of the roof of the 
main building has been developed into 
a Biodiversity Green Roof as part of the 
larger scale Green Roofs Project, which 
also includes a Demonstration Roof and 
a Research Roof on the same building. A 
design team from HASSELL worked with 
the University to provide design solutions 
to assemble the roofs. Junglefy constructed 
the roofs. A planning consultant was hired 
to navigate through the planning process 
and clarify which permits were required.
The Biodiversity Green Roof was 
developed as a part of the larger Burnley 
Green Roofs Project to encompass 
demonstration, education, extension and 
research. The Biodiversity Green Roof 
provides students and visitors to the 
University with an example of the design 
and features of a non-irrigated, shallow 





The roof has a weight loading of 150 kg/m2.  
6ITPEGIQIRXSJ[EXIVTVSS½RK[EW
avoided by patch repair of existing 
[EXIVTVSS½RKXLIIWXMQEXIHGSWXWEZMRK
was $2,000. Components include ZinCo 
SSM45 protection mat and high-density 
polyethylene (HDPE) root barrier, a ZinCo 
FD40 drainage layer and ZinCo Filter 
Sheet SF. A scoria-based growing substrate 
was delivered by crane in 1 m3 bulker bags, 
and installed to a depth of 100 mm.
A 400 mm wide unplanted perimeter 
zone keeps the area around the edge of 
the roof clear. Aluminium edge restraints 
separate vegetated and non-vegetated 
areas of the roof.  Scoria aggregate was 
installed in the non-vegetated areas of the 
green roof.
The Biodiversity Roof receives run-off 
from two downpipes that drain the roof 
area above it. One is directed into the 
pond and ephemeral stream, the other 
enters a buried drain pipe that travels 
along the long axis of the roof. This allows 
lateral seepage of water into the substrate, 
and supports plant species with higher 
water needs, such as Kangaroo Grass 
(Themeda	
 triandra). Drainage off the roof 
is achieved through two drains on the 
northern perimeter of the building.
There is no irrigation system on the 
Biodiversity Roof. It is watered infrequently 
by hand-held hose during hot weather or 
prolonged periods without rain. 
The plant palette consists of Victorian 
perennial grasses, herbs, and one species 
each of an orchid and a fern. These 
species are typically found in grassland 
and woodland, and some are known 
sources of food and nectar for insects. 
Plants provide colour and interest through 
EWMKRM½GERXTEVXSJXLI]IEV8YFIWXSGO
(grown in the Burnley campus nursery, 
with a small number of plants purchased 
from Victorian indigenous nurseries) was 
planted in February 2013. The roof was 



































































































































Case  StudyVictorian  Case  Studies119
Maintenance	
 
Staff maintain the Biodiversity Green Roof: 
this takes about one hour per month. A 
photographic record of weed species is 
maintained to monitor those that germinate 
on the roof. Timely removal of these plants 
before they set seed prevents them from 
becoming more widespread.  Plant nutrition 
is provided as eight to nine-month low 
phosphorus controlled-release fertiliser, 
applied at half the recommended rate.
Costs
The following table details outline the 
indicative cost of the Biodiversity Green 
Roof. As it was installed as part of the 
larger Burnley Green Roofs Project, with 
works carried out simultaneously (for 
example, substrates for all green roofs 
were lifted by crane on the same day), 
there were economies of scale for design 
and installation. However, for this case 
study, costs are provided, in the table, for a 
stand-alone ‘design and build’, as the scale 
of this roof was small and simple in relation 
to the overall Burnley project. 
6IWYPXWERHVI¾IGXMSR
Nine months after planting the vegetation 
is still quite sparse, although this is likely 
XS½PPMRTEVXMGYPEVP]EWXLIKVEWWIWWIPJ
sow over time. Plants were grazed by 
possums living in a pair of Italian Cypress 
trees (Cupressus sempervirens ‘Swane’s 
Gold’) that were growing adjacent to the 
building. The trees were removed during 
2013 because possum nesting and grazing 
caused irreparable damage to the trees’ 
canopies. The rooftop plants recovered 
well over spring. 
Australian ravens and magpies visit the 
roof to bathe in the pond, and also bring 
food to consume on the roof. Spiders have 
colonised the tree debris, and an ant colony 
has moved into the rocky substrate near the 
end of the stream. Burnley staff members 
have commented on their enjoyment of the 






  $3,000 
Repairs to existing 
[EXIVTVSS½RK  $1,500 
Protection Mat  
SSM 45 $250 
Root barrier  $100 
Aluminium retaining 
edge (33 linear m)  $3,580
FD40 drainage $1,100






























































as a space to provide amenity for staff. 
The area is not open to the general public. 
Decking and seating is provided. The roof 
is built on a concrete roof deck with 1.5 
degree slope, it is above the third storey.   
Introduction	
 
The Kangan Institute Automotive Centre 
of Excellence (ACE) is located in the 
Batman Hill Precinct of Melbourne’s 
Docklands. The building holds a 5 Star 
Green Star rating. The building houses a 
2,000 m² area of automotive workshops, 
and 1,200 m² of specialised training and 
SJ½GIEVIEW




The green roof was designed by ASPECT 
Studios, in collaboration with Gray Puksand 
Architects. Robert Bird Group provided 
structural and civil engineering services. 
The green roof was installed on the 






The roof weight loading is 200 kg/m2. Roof 
drainage is achieved through a series of in-
¾SSVWYQTW[MXLSZIV¾S[VMWIVWMRWXEPPIH
along the bottom of the roof slope.
The drainage layer is Atlantis® 20 
QQ*PS'IPPHVEMREKIGIPP[MXL¾S[
across the roof to perimeter drain. The 
½PXIVWLIIXMW&MHMQKISXI\XMPI+VEHI
%*SV[EXIVTVSS½RK;EXIVTVSS½RK
Technologies’ Enviro HP1200 was used. 
This is a two-component, spray-applied, 
¾I\MFPITSP]YVIXLERIQIQFVERI%PIEO
detection system was not installed. 
%W,4[EXIVTVSS½RKXVIEXQIRX
is rated as root-resistant (through a 
XIWXMRKTVSGIHYVIWTIGM½IHERHEWWIWWIH
by CSIRO), a root barrier was not 
required. Separation sheets of low-density 
polyethylene (LDPE) were installed to 
protect the waterproof membrane during 
construction.
Stormwater run-off was captured to 
irrigate the green roof, as well as toilet 
¾YWLMRKSRITSMRX[EWE[EVHIHYRHIV
Green Star’s WAT-3 criterion for the 
required measurable reduction (by 90 
per cent) in potable water consumption 
on the site from these initiatives. 
Fytogreen Australia designed and 
installed the irrigation system. Irrigation is 
HIPMZIVIHXLVSYKLE2IXE½QWYFWYVJEGI
HVMTTIVW]WXIQ8LMWMW[EXIVIJ½GMIRX
programmable and automatic enabling the 
duration and frequency of irrigation cycles 
to be adjusted. 
ASPECT Studios developed the planting 
design, which consists of low water use 
herbaceous and succulent perennials: all 
have performed strongly. 
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Maintenance	
 
Establishment maintenance was provided 
for eight weeks after planting. The green 
roof was then managed by the Kangan 
Institute maintenance team. Plant nutrition 
is provided as 12 to 14-month low 
phosphorus controlled-release fertiliser 
applied at half the recommended rate.
6IWYPXWERHVI¾IGXMSR
The garden has suffered somewhat from a 
lack of maintenance. A maintenance strategy 
is now being developed. Bird control has 
been needed as seagulls have been nesting 
in the garden after being disrupted from 









































The roof space is surrounded by a 1.2 m 
LMKLFEPYWXVEHIEFSZIXLIXL¾SSVSJXLI
building. The rooftop garden total area is 
200 m2, with planter boxes occupying 48 
m2, and a central ‘hill’ area of 43.5 m2. 
%XVEJ½GEFPI^SRII\TERHWERHGSRXVEGXW
around a central landscaped hill to create 
a number of gathering spaces of various 
scales and orientations. Bound by edges 
of seating and planting, inhabitants are 
surrounded by greenery. 
About half of the 131 Queen Street roof 
area is occupied by plant and machinery: this 
is screened and separated from the accessible 
roof garden area by a picket fence.
An additional 38 m2 green roof space 
(not publicly accessible) was installed 
above the lift motor room. This is part 
of an Australian Research Council 
Linkage Project Grant carried out by 
The University of Melbourne’s Green 
Infrastructure Research Group, to 
investigate the performance of plants 




131 Queen Street is managed by Quayle’s 
Owners Corporation Managers. The 
building was constructed in 1896 and the 
tenants include a range of private and 
public organisations. It was intended that 
the rooftop garden be used by building 
tenants for lunch and recreational breaks, 
meetings, workshops and classes, as well as 
special events.
The Growing Up roof was built after 
the Committee for Melbourne ran a 
design competition for a green roof. The 
'SQQMXXIIMHIRXM½IHXLVIITSXIRXMEP
CBD rooftops and ran the competition 
to demonstrate how a “vibrant, innovative 
and contemporary urban green space” 
could be created on a rooftop. Safety, 
maintainability, and durability were key 
considerations for assessment of entries in 
the design competition.
Bent Architecture won the design 
competition with its “Head for the Hill” 
submission, based on the roof at 131 
Queen Street. 
The builder was Better Projects Australia 
and engineers were Clive Steele Partners. 
The University of Melbourne provided 
guidance on substrate and planting design.
The project budget was $200,000, with 
additional in-kind support provided by 
sponsors; for instance, VicUrban (the State 
Government’s former development agency, 
now Places Victoria) provided a project 
manager to oversee construction and 
ensure that partners’ objectives for the 
project were met.
Growing  Up  Rooftop  Garden
8MQFIVHIGOMRKQSWEMGWIEXMRKERHTIVQIEFPITEZMRKXVIEXQIRXWEVIWSQISJXLIJYRGXMSREPERHHIGSVEXMZIJIEXYVIWYWIH





The roof ’s weight loading is for a dead 
load of 300 kg/m2 and a live load 150 kg/
m2. Total carrying capacity is 100 people. 
The weight loading precluded the original 
design from being realised, which was 
a hill with a large volume of soil and 
a mature tree growing on it. Instead a 
sculpture tree was constructed, centred 
over a column, and covered with wisteria 
to provide shade in summer and allow 
sun penetration onto the roof in winter. 
A hill was made from recycled, expanded 
polystyrene covered with a small volume 
of substrate and succulents.
Drainage outlets along perimeter walls 
lead to concealed downpipes. The roof 
deck is steel framed with precast concrete 
roof slabs and sand cement screed over to 
create fall from the roof to drainage outlets.
A new Polyseal Enviro 800 Pur Top-coat 
TSP]YVIXLERI[EXIVTVSS½RKQIQFVERI
was installed over the existing membrane. 
This carries a seven-year warranty. 
Elmich VersiCell® structural (weight-
bearing) drainage modules were installed 
underneath pervious paving material. The 
STIRHVEMREKIPE]IVEPPS[WJVII¾S[SJ
water through to the waterproofed roof 
deck. No changes were made to the pre-
existing drainage points. ZinCo Filter Sheet 
SF was used over the drainage modules.
The growing medium (saturated bulk 
density 750 kg/m3) was mixed by Debco 
XSEVIGMTIWTIGM½IHF]8LI9RMZIVWMX]SJ
Melbourne’s Green Infrastructure Research 
Group. Growing medium is used at depths 
of 200 mm in shallow planter boxes, and 
400 mm in deep planter boxes. The same 
growing medium is used on the ‘hill’ at a 
depth of 200 mm over most of its face, 
although the depth increases to 400 mm 
depth at the top and on the western face 
of the hill, to allow for the expanding root 
system of the Chinese Wisteria. The build 
up of the hill is created from recycled 
expanded polystyrene blocks, overlaid 
with an Elmich VersiWeb® 200 mm deep 
GIPPYPEVGSR½RIQIRXW]WXIQXSGSRXEMRXLI
growing substrate. The hill is covered with 
geotextile, and plant root masses were 
installed into slits cut into the fabric.
The substrate and plant selection was 
made with consideration of the Growing 
Up team’s desire to install a sustainable 
green roof that did not require irrigation. 
However, after project handover, the 
building owners installed a drip irrigation 
system for use particularly during harsh 
summer weather conditions. Captured 
rainwater is supplied to the productive 
garden and perimeter planters, but the hill 
^SRIMW¾SYVMWLMRK[MXLSYXMVVMKEXMSR
Plants were supplied in a range of sizes, 
from tubestock, and 14 cm through to 
30 cm containers from members of the 
Nursery and Garden Industry Victoria. 
The University of Melbourne’s Green 
Infrastructure Research Group grew most 
of the succulent plant species that were 
installed as tubestock. A total of 1,664 













































































Culinary Sage 4ERHSVIENEWQMRSMHIW ‘Alba’ 













The garden is maintained once a  
month by a horticulturalist, and the 
building management team carries out 
some maintenance in between these 
scheduled visits.  
Plant nutrition is provided as eight to nine-
month low phosphorus controlled-release 
fertiliser, applied at half the recommended 
rate, as required.
6IWYPXWERHVI¾IGXMSRW
The rooftop has been popular and is used 
throughout the year as a social space by 
the building occupants. The rooftop can be 
booked for functions and is open annually 
to the public as part of The Committee for 
Melbourne’s ‘Melbourne Open House’.
Costs
† Further structural rod & cable systems for green walls and landscaping and cable systems for 
balustrades and railings were provided at cost price by Ronstan Tensile Architecture, a sponsor of 
Growing Up
*The green roof system and labour for installation was provided as in-kind support by sponsor 
Green Roof Technologies, this had an estimated value of $60,000
‡ Provided as in-kind support by sponsor WeBlow
n4VSZMHIHF]WTSRWSVW4VSXIE¾SVE%PSI%PSI,SVXMGYPXYVI1IVV][SSH4PERXWERH1ENIWXMG4PERXW
this had an estimated value of $8,500
Component Cost
Timber and metal work (including planter boxes, seats, 
pergola, roof lift, access ladder,  fencing and sculpture) $135,850
Building preparation works (including scaffold, handrail, crane) $14,500
General construction items (including roof access anchors, 
signage, light, power and plumbing and upgrades for Building 





Rainwater tank & pump $2,500







The design of a green roof growing substrate must include 
WTIGM½GEXMSRSJXLIJSPPS[MRKTL]WMGEPTVSTIVXMIWSYXPMRIHMR8EFPI
13. Many of these measures are used in the development of 
growing media for containers and landscaping soils, making this 
information relevant to development and testing of growing media 
for use with some green wall and facade systems. Referenced 
standards used to develop this table are AS 3743 2003, Appendix 
B, and the Singapore Centre for Urban Greenery and Ecology 
Standards: these are listed in the References section. It is valuable 
XSSFXEMRMRHITIRHIRXXIWXMRKERHZIVM½GEXMSRSJXLITVSTIVXMIWSJ
substrate mixes on large scale commercial green roof projects.









The mass of a known volume of 
a material under fully saturated 
conditions
The maximum possible weight of the growing 
substrate (assuming no ponding water sitting 
above the top of the substrate) as it includes 
the weight of the material and of water that 
drained freely from it under test conditions.  This 







The percentage of air held by a 
known volume of fully saturated 
growing substrate, just after it has 
stopped draining. AFP is measured 
by watering and draining a known 
volume of substrate under a set of 
standard conditions described in 
AS 3743 2003, Appendix B.
AFP provides an indication of the likely aeration 
SJXLIKVS[MRKWYFWXVEXIERH¾EKWER]TSXIRXMEP
for waterlogging, in conjunction with water 
holding capacity (below)
AFP should be 10 - 20%









The total amount of water 
a known volume of growing 
substrate can hold after it has 
been watered and drained under 
standard conditions described in 
AS 3743 2003, Appendix B.
WHC indicates how well the growing substrate 
retains water.
WHC should be >35% or greater for an 
extensive green roof, and 45% for an intensive 
green roof (up to a maximum of 65%); WHC 
will vary inversely with AFP (above) and an 
acceptable balance of the two must be achieved
% (of known 
substrate volume)
pH
The measure of the acidity or 
basicity (alkalinity) of a solution, 
expressed as the negative log 
concentration of free hydrogen ion 
(H+) it contains.
Determination of pH of an aqueous extract of a 
growing substrate indicates whether any nutrient 
HI½GMIRGMIWEVIPMOIP]EWT,EJJIGXWXLIEZEMPEFMPMX]
of the nutrient supply to plants. Most plants show 
optimal growth in growing media with pH of 6 
to 7.
Optimum pH range may vary with substrate 
composition pH 6 to 7.5 for mineral mixes; pH 
5.5 – 6.5 for organic mixes; pH 5.5 – 8.0 should 
provide acceptable growth for most species.
No unit; range 
from 1 (acid) to 14 
(alkaline, or basic)
Solutions with 
pH below 4 are 
extremely acid, 
and solutions with 








Determination of the ability of salts 
dissolved in solution to conduct 
electricity
An indication of the degree of salinity of a 
growing substrate: high salt content can impair 
plant growth.
Growing substrates should have EC of less than 
2 dS/m
deciSiemens per 
metre (dS/m) or 
measure total 















The ability of growing media to 
attract and hold positively charged 
ions (cations) thus making them 
available for plants to take up
Cations such as calcium, magnesium, potassium 
and ammonium (a source of nitrogen) are 
crucial for healthy plant growth.  Decomposition 
of organic materials such as pine bark and coir 
increase the cation exchange capacity of growing 
substrates.  Colloidal materials such as clay also 
provide CEC but these are usually present in very 
low proportions in green roof growing mixes.
Analytical laboratories determine CEC, by 
measuring the amounts of different exchangeable 
cations in growing media.  







A measure of how rapidly water 
soaks into a growing substrate, 
growing medium or soil




should be 0.6 mm/min or 36 l/m2/h
mm/min or l/m2/h 
8EFPI4VSTIVXMIWXLEXWLSYPHFIWTIGM½IHMRKVS[MRKWYFWXVEXIWGSRXMRYIH

Australian Standards also specify testing requirements for growing 
substrates and media to ensure they are not toxic to plant growth.
Green roof growing substrates are designed to have a mix of large 
and medium-sized particles to create an open, porous structure 
MRWMHI[LMGLWQEPPIVTEVXMGPIWGER½X8LIWM^IWERHTVSTSVXMSRW
of small particles and their packing inside the large pores make a 
major contribution to the amount of water the mix can retain.  
Water is held by capillarity between small, tightly packed particles 
in the growing substrate, and it is this water that is available to 
TPERXW%QM\[MXLELMKLTVSTSVXMSRSJ½RITEVXMGPIW[MPPVIXEMR
QSVI[EXIVXLEREQM\GSQTSWIHSJJI[½RITEVXMGPIW*MKYVI
compares the general characteristics of growing substrates used 















































JSV61-8'MX]'EQTYW provides further information on different 
elements growing mediums and their properties.
8LIVIEVIRS%YWXVEPMERWTIGM½GEXMSRWJSVXLIGSQTSWMXMSRERHTL]WMGEP
properties of green roof growing substrate, and often international 
WTIGM½GEXMSRWEVIYWIHSVEHETXIH8EFPISYXPMRIWXLITVSTIVXMIW
SJKVIIRVSSJKVS[MRKWYFWXVEXIWEWWTIGM½IHF]+IVQER]´W*00ERH
Singapore’s Centre for Urban Greenery and Ecology.
Appendix128 Appendix
Table 15 shows a range of components commonly used in green 
roof growing substrates and reasons for using them, along with 
indications of their saturated and dry weights.  This represents a 
very small number of components that could be used in growing 
mixes.  Comparative values for topsoil and sand are also provided 








 content <15% by mass <20% by mass
4VSTSVXMSRSJTEVXMGPIW	
 
"QQMRHMEQIXIV < 50% by mass < 40% by mass
Organic	
 matter < 65 g/l  (FLL)10-25% (CUGE)
< 90 g/l (FLL)
5–10% (CUGE)
Settling No more than 10% of nominal depth Average of < 5 cm for substrates at least 50 cm deep
;EXIVTIVQIEFMPMX] 0.6 - 70 mm/min 0.3 - 30 mm/min
;EXIVWXSVEKIGETEGMX] > 35% by volume > 45% by volume(maximum of 65%)
%MV½PPIHTSVSWMX] > 10% > 10%
pH 6.0 – 8.5 6.0 – 8.5
Total	
 soluble	
















Ash Waste product 1160 – 1310 640 – 900
Organic materials (coir, 
pine bark, compost)
Waste product, water 
retention, CEC 930 – 1100 50 – 360
Crushed ceramics 
(brick, roof tile) Longevity, recycled 1090 – 1300 1640 – 1720
5YEVVMIHTVSHYGXW
Scoria aggregate rock Longevity 1290 – 1560 670 – 1000
Scoria non-descript 





Perlite Light weight 500 – 800 40
Pumice 
(Hekla, Iceland)
Longevity; porous and 
light weight 540 –753 260 – 490
Synthetic	
 
additives Hydrocell Inert, water-retention 660 27
Loamy	
 topsoil 1700 – 2400 1000 – 1900
Sand 1800 – 2200 1440 –1650
;EXIV 1000
&YVRPI]I\XIRWMZIKVIIRVSSJQIHMYQ 1370 850
Values compiled from Handreck and Black, University of Melbourne Green Roof Infrastructure Group research data, Weiler and Scholz Barth, Dunnett 




 shoots  Shoots arising from buds at the stem bases or 
roots of a plant.  Continued production of basal shoots through 
rejuvenation pruning is important to promote coverage of the 
lower areas of a green facade, as some climbing plant species 
open up at the base over time.
'SRXVSPPIHVIPIEWIJIVXMPMWIV  Fertiliser composed of 
inorganic cations and anions held within resin beads or prills.  
Nutrients are released over time as water solubilises the ions.  
Controlled release fertiliser, abbreviated CRF, is also known as 
slow release fertiliser.
'VSTJEGXSV  A measure of water use by plants, taking into 
account their leaf area.  The crop factor increases as plants 
increase in size and require more water to support their growth, 
and also varies with the season.  Water use by leafy plants is higher 
when temperatures are warm and solar radiation is high.
Cultivar	
 	
 Cultivated variety of a plant that has been selected for 
some special attribute.  Cultivated varieties are indicated with a 
name included inside a pair of apostrophes e.g. Achillea ‘Walther 
Funcke’.
Dead	
 load  Permanent weight load imposed on a structure 
F]XLIGSQFMREXMSRSJ½\IHIPIQIRXWERHF]XLI[IMKLXSJXLI
structure itself. Measured in kilograms per square metre.
EC  Electrical conductivity, a measure of the ability of salts 
dissolved in solution to conduct electricity.  High salt content in 
the growing medium can impair plant growth.
Evapotranspiration  The combined loss of water from 
transpiration by plants and evaporation of water from the growing 
substrate and plant surface.
Fertigation  Delivery of water for irrigation containing 
dissolved low level fertiliser, used in hydroponic growing systems. 
+VS[MRKQIHMYQWYFWXVEXI  Materials that act as a soil 
substitute, providing physical support to the root system of a plant, 
and delivering water, oxygen and nutrients needed for growth.  
Growing media includes potting mixes used for containers, 
through to specially designed growing substrates composed of 
largely inorganic materials designed for use on green roofs.  
0ERHWGETIGSIJ½GMIRX  A factor that is used to calculate 
the rate of water loss by evapotranspiration, based on the crop 
factor, the density of planting, and microclimatic factors that affect 
water loss from the plants and growing medium (e.g. the degree 
of shade on a site).
Live	
 load   Temporary weight load imposed on a structure by 
the addition of people and moveable items. 
Personal	
 protective	
 equipment  Safety clothing, helmets, 
gloves, dust masks or independently ventilated masks, goggles and 
safety glasses; abbreviated as PPE. 
Petiole The stalk of a leaf.
pH  The measure of acidity or alkalinity of a solution,  pH ranges 
from 1 (acid) to 14 (alkaline).  Optimal growth of most plant 
species is obtained with growing media that have pH values of 6 
to 7.
Porosity   The ratio of the volume of void spaces in a substrate 
(or soil) to the total volume. Porous substrates allow water and air 
to move through.
Potable	
 water  Water that is safe for humans to drink
Rhizome  An underground stem, arising from the root mass 
of a plant, that gives rise to roots and shoots at nodes, and the 
production of genetically identical plants.
Saturated	
 bulk	
 density  The mass of a known volume of a 
material under fully saturated conditions, expressed in g/cm3 or 
kg/m3.
Stolons  Stems arising from buds the base of a plant, that grow 
horizontally at or just below the soil surface.  Roots and shoots 
(leaves) will develop at nodes on a stolon, to produce a series of 




 solids  A measure of all inorganic and 
organic substances contained in a solution, measured in parts per 
million 
Transpiration  Water movement through a plant, from its 
uptake by the roots through water conducting tissues, to its exit 
through openings in leaves and stems.
;EXIVLSPHMRKGETEGMX]  The total amount of water a 
known volume of growing substrate can hold after it has been 
watered and drained under standard conditions described in 
Australian Standard 3743 2003, Appendix B.  Water-holding 
capacity is expressed as a percentage (of substrate volume), 
abbreviated as WHC.
;79(  Water Sensitive Urban Design is the planning of water 
use on a site to build landscapes that work with the natural water 
cycle. It includes treatments that are designed to avoid, or at least 
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AS 1141.0 Methods for sampling and testing aggregates
AS 1170.1 Dead and live load combinations
AS1170.2 Wind loads
AS3743 Potting Mixes 
%7;EXIVTVSS½RKSJHSQIWXMG[IXEVIEW
AS4419 Soils for landscaping and garden use 
AS/NZS 4858:2004 Wet area membranes 
%7;EXIVTVSS½RKQIQFVERIWJSVI\XIVREPEFSZI
ground use - Design and installation
International	
 Standards
Australia does not yet have its own standards for design, 
construction and maintenance. The Australian green roofs industry 






Since 1992 it has been known as “Guidelines for the Planning, 
'SRWXVYGXMSRERH1EMRXIRERGISJ+VIIR6SS½RK¯+VIIR
6SS½RK+YMHIPMRI²-XMWTVSHYGIHF]XLI*SVWGLYRKWKIWIPPWGLEJX
Landschaftsentwicklung Landschauftsbau e.V. (abbreviated to 
FLL), or, in English, the Landscape Development and Landscaping 
Research Society e.V.  The regulatory commission on Green 
6SS½RKSZIVWIIWVIZMWMSRWSJXLI*00+YMHIPMRIMRGSRWYPXEXMSR
with a large working group.   The Guideline has been revised 
ERHYTHEXIHWIZIRXMQIWERHTVSZMHIWXLIEGGVYIHFIRI½XWSJ
three decades of extensive research and development. The FLL 
Guideline is available for purchase from the FLL website[[[¾P









In 2010, Singapore’s Centre for Urban Greenery and Ecology 
(CUGE) began to produce its own locally relevant set of 
standards.  CS E: Skyrise Greenery is a set of 9 guidelines covering 
all aspects of green roof design and construction. 
CS E01:2010 Guidelines on design loads for rooftop greenery
CS E02:2010 Guidelines on design for safety for rooftop greenery
CS E03:2010 Guidelines on substrate layer for rooftop greenery
'7)+YMHIPMRIWSR½PXIVHVEMREKIERHVSSXTIRIXVEXMSR
barrier layers for rooftop greenery
'7)+YMHIPMRIWSR[EXIVTVSS½RKJSVVSSJXSTKVIIRIV]
CS E06:2012 Guidelines on irrigation for rooftop greenery
CS E07:2012 Guidelines on general maintenance for rooftop 
greenery
CS E08:2012 Guidelines on design and construction of pitched 
green roof 




ASTM International (formerly the American Society for Testing 
ASTM International (formerly the American Society for Testing 
and Materials) oversees the development of standards used in 
many parts of the world, though predominantly in the USA and 
Canada.  Several standards are available that relate to materials 
selection and testing of materials for green roofs, including 
ASTM E2400-06 Standard Guide for Selection, Installation, and 
Maintenance of Plants for Green Roof Systems.  Other guides 
currently in development by ASTM International include a 
WIPIGXMSRKYMHIJSV[EXIVTVSS½RKQIQFVERIWJSVKVIIRVSSJW
and a new guide for vegetative (green) roof systems.  As with the 
German guidelines, these tie in closely with building regulations.
%781'7XERHEVHXIWXQIXLSHJSVWMIZIEREP]WMWSJ½RI
and coarse aggregates
ASTM E2396-11 Standard test method for saturated water 
permeability of granular drainage media [falling head method] for 
vegetative (green) roof systems
ASTM E2397-11 Standard practice for determination of dead 
loads and live loads associated with vegetative (green) roof 
systems
ASTM E2398-11 Standard test method for water capture and 
media retention of geocomposite drain layers for vegetative 
(green) roof systems
ASTM E2399-11 Standard test method for maximum media 
density for dead load analysis of vegetative (green) roof systems
ASTM E2400-06 Standard guide for selection, installation and 
maintenance of plants for green roof systems
%781)7XERHEVHWTIGM½GEXMSRJSVYWISJI\TERHIHWLEPI
clay and slate (ESCS) as a mineral component in the growing 
media and the drainage layer for vegetative (green) roof systems
Web-based	
 and	
 company	
 sources
Alumasc	
 	
 www.alumasc.co.uk
Ardex	
 	
 www.ardexaustralia.com
ASPECT	
 Studios	
 	
 www.aspect.net.au
Atlantis	
 	
 www.atlantiscorp.com.au
&VMXMWL'SYRGMPJSV3J½GIWwww.greenroofs.com/pdfs/sg-green_
VSSJWCEHZMGICRSXICGSVTS¾SRHSRTHJ
Carl	
 Stahl	
 GmBH	
 	
 www.carlstahl.com/divisions.html
City	
 of	
 Chicago	
 	
 www.cityofchicago.org/city/en/progs/env.html
City	
 of	
 London	
 	
 [[[GMX]S¾SRHSRKSZYOWIVZMGIWIRZMVSRQIRX
and-planning/planning/design/sustainable-design/Pages/green-roofs.
aspx
City	
 of	
 Sydney	
 	
 www.cityofsydney.nsw.gov.au/vision/sustainability/
sustainable-city-living/greening-the-city/green-roofs-and-walls
City	
 of	
 Toronto	
 	
 www.toronto.ca/greenroofs
(I&SIV;EXIVTVSS½RK7SPYXMSRWwww.deboer.be/EXEN/site/
index.aspx
Elmich	
 	
 www.elmich.com.au/home.php
Environment	
 Design	
 Guide	
 	
 www.environmentdesignguide.com.au
FM	
 Global	
 Data	
 Sheets	
 	
 www.fmglobal.com/fmglobalregistration
Fytogreen	
 	
 www.fytogreen.com.au/
Green	
 Building	
 Council	
 of	
 Australia	
 	
 www.gbca.org.au/green-star/
Green	
 Roofs	
 Australasia	
 	
 https://greenroofsaustralasia.com.au
Green	
 Roofs	
 for	
 Healthy	
 Cities	
 	
 www.greenroofs.org
Green	
 Roof	
 Guide	
 (UK)	
 	
 www.greenroofguide.co.uk
Greenscreen	
 	
 www.greenscreen.com
International	
 Leak	
 Detection	
 	
 www.leak-detection.com
International	
 Green	
 Roofs	
 Association	
 	
 www.igra-world.com
Jakob	
 Rope	
 Systems	
 	
 www.jakob.ch/display/JAK/Produkte
Junglefy	
 	
 www.junglefy.com.au
KISSS	
 America	
 	
 www.kisssusa.com
Landscaping	
 Victoria	
 	
 www.liav.com.au
LEED	
 	
 www.usgbc.org/leed
Living	
 Architecture	
 Monitor	
 	
 www.livingarchitecturemonitor.com
Living	
 Building	
 Challenge	
 	
 http://living-future.org/lbc
Melbourne	
 Water	
 	
 www.melbournewater.com.au
National	
 Australian	
 Built	
 Environment	
 Rating	
 Scheme	
 	
 	
 
www.nabers.gov.au
Nationwide	
 House	
 Energy	
 Rating	
 Scheme	
 	
 www.nathers.gov.au
RCI,	
 Incorporated	
 	
 www.rci-online.org
Ronstan	
 Tensile	
 Architecture	
 	
 www.ronstantensilearch.com
7MOE7EVRE½Phttp://aus.sika.com/en/solutions_
products/02/02a011/02a011sa10.html
Smart	
 Gardening	
 	
 www.savewater.com.au/how-to-save-water/in-
the-garden/plant-library
Soprema	
 Group	
 	
 www.soprema.com
Sustainable	
 Steps	
 	
 www.sustainablesteps.com.au
Tensile	
 Design	
 and	
 Construct	
 	
 www.tensile.com.au
Victorian	
 State	
 Government	
 Planning	
 Schemes	
 Online	
 	
 	
 
http://planningschemes.dpcd.vic.gov.au/
;EXIV9WI'PEWWM½GEXMSRSJ0ERHWGETI7TIGMIW	
 
[[[YGERVSVKWMXIW3'½PIWTHJ
Your	
 Home	
 Technical	
 Manual	
 	
 www.yourhome.gov.au
www.growinggreenguide.org
